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ABSTRACT 
 
 Investigational research is required to support the development of a new 
technology called immunological castration, which addresses the issue of boar taint in 
male pigs and allows for increasing growth efficiency. There is a knowledge gap in the 
understanding of the nutritional requirements for immunological castrates (IC). 
Therefore, the objective of this thesis was to extend the current knowledge of 
immunological castration in the pig as it relates to growth performance, nitrogen and 
phosphorus retention, and pork quality. Forty six pigs were used in the first experiment, 
11 each of IC and physical castrates (PC) and 12 each of gilts (G) and entire males (EM). 
Entire males and IC had overall superior ADG compared to PC and G, PC and IC 
consumed the most feed, and EM were the most feed efficient. Fourteen days after the 
second injection, nitrogen retention in IC was intermediate between EM and PC and 
phosphorus retention for IC was similar to EM. Quality characteristics were similar from 
pork produced by all 3 pig sexes except for marbling. Pork from IC and PC provided 
similar sensory characteristics. Three hundred pigs were used in the second experiment, 
150 each of IC and PC, and each sex was fed 5 diets with differing standardized ileal 
digestible (SID) lysine amounts for 3 growth phases. The experimental SID lysine levels 
were determined from the nitrogen retention results from the first experiment. For each 
growth phase, IC had a greater SID lysine requirement, including after the second 
injection, compared to PC. In order for feeding programs to be developed for IC, 
nutritionists need to understand the nitrogen, phosphorus, and SID lysine requirements in 
order to optimize the use of the technology. 
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CHAPTER I 
 
 REVIEW OF THE LITERATURE 
 
Introduction 
 Pork producers are always looking for ways to enhance the efficiency of 
their operations. In particular, striving for improved growth performance and feed 
efficiency while producing a wholesome, profitable, and yet inexpensive product. 
With the ever growing world population, producers must find ways to become more 
efficient in pork production to meet the needs of the expanding population. 
 One possible way to increase efficiency in pork production is through 
immunologically castrating entire male (EM) pigs. Raising EM rather than physical 
castrates (PC) results in improved ADG, feed efficiency, and nitrogen retention as 
well as leaner pigs at slaughter (Xue et al., 1997). However, in United States 
producers still castrate male pigs a few days after birth to maintain meat quality.  
 Immunological castration is a recently approved procedure which would act 
as an alternative to physical castration. It is a procedure that allows an EM pig to be 
raised as such until the second injection and thereafter biologically resemble a PC 
(Dunshea et al., 2013). This literature review will focus on using anti-gonadotropin 
releasing factor (GnRF) in pigs as a means to immunologically castrate the EM. 
More specifically, the relationship of growth performance, feed intake, feed 
efficiency, and pork quality among immunological castrates (IC), gilts (G), PC, and 
EM will be discussed.  
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Castration of Male Pigs 
Physical castration 
 Physical castration is a standard procedure in the United States for male pigs 
designated for meat consumption. The two main reasons for physical castration are 
to control boar taint and to eliminate the aggressive and mounting behavior that is 
more common among EM when compared to PC (Cronin et al., 2003). Physical 
castration is commonly completed shortly after birth. The American Veterinary 
Medical Association (2014) recommends that physical castration should be 
completed as soon as possible after birth and if performed after 2 weeks of age an 
analgesic and/ or anesthesia should be administered for the procedure. 
 
Immunological castration 
 In 2011, the Federal Drug Administration of the United States approved a 
product that temporarily immunologically castrates the EM pig. This anti-GnRF 
product (Improvest®; Zoetis, Florham Park, NJ) and is regulated with respect to 
Food Safety and Inspection Service by the United States Department of Agriculture. 
In accordance with product label, two 2 mL doses must be administered with the 
first dose occurring at 9 weeks of age or later and the second dose occurring at least 
4 weeks after the first dose and 3 to 10 weeks prior to slaughter (Improvest® 
package insert, 2013). A quality assurance check is undertaken 2 weeks post second 
injection to validate that no pigs were missed during the injection process. The 
quality assurance supervisor who evaluated the pigs then gives the producer a 
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quality assurance certificate, declaring the pigs have been certified; this certificate 
must accompany the pigs to the packing plant at harvest (USDA FSIS, 2013). 
 Gonadotropin releasing factor is composed of a 10 amino acid sequence and 
stimulates luteinizing hormone (LH) and follicle stimulating hormone (FSH) 
production from the anterior pituitary gland in male and female pigs. In the male, 
LH then travels to the Leydig cells in the testis to stimulate androgen, for example 
testosterone, oestrogen, and androstenone production. In the female, LH stimulates 
oestrogen and some testosterone production in the ovary. Oestrogen and 
testosterone then exhibit negative feedback to GnRF production (Senger, 2005).  
 Using GnRF itself will not stimulate an immune response because the pig’s 
own body naturally produces the molecule in the hypothalamus. In order to make a 
self-antigen stimulate an immune response, Meloen (1995) identified 3 methods to 
do so: use carrier molecule, change the structure, or use the same type of self-
antigen from another species. In the case of Improvest®, GnRF is coupled to a 
carrier molecule, diphtheria toxoid, and injected subcutaneously in the neck of the 
EM pig using a safety injector (Improvest® package insert, 2013). Futhermore, the 
GnRF analog in Improvest® has one less amino acid and therefore, it is not 
recognized by the GnRF receptors in the pituitary gland (Clarke et al., 2008).  
 The first anti-GnRF injection prepares the immune system for the second 
injection by stimulating a response that creates memory cells (Hennessy, 2008). 
When the second injection occurs, the memory cells respond to the antigen by 
producing antibodies against GnRF (Hennessy, 2008). Consequently, these 
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antibodies will bind to any GnRF naturally produced in the pig and hence, stop the 
biological cascade of events triggered by GnRF (Hennessy, 2008).  
 
Growth Performance 
 Several mechanisms may contribute to the differences in growth 
performance of G, EM, and PC. One important hormone that is produced in the 
pituitary gland is called growth hormone (GH) which stimulates production of 
insulin-like growth factor I (IGF-I; Saladin, 2007). Insulin-like growth factor I is 
responsible for stimulating protein synthesis, fat catabolism, sodium, potassium, 
and chloride retention, calcium absorption, and decreasing protein catabolism 
(Saladin, 2007). In this manner, GH selectively uses fat over protein and 
carbohydrates as an energy source (Saladin, 2007).  
 It has been reported that at 5 weeks of age, EM, PC, and G had similar IGF-
I and insulin like growth factor II (IGF-II) levels (Owens et al., 1999). From 15 to 
23 weeks of age, EM had significantly greater plasma IGF-I concentrations 
compared to G and PC (Owens et al., 1999). Physical castrates had the greatest 
IGF-II, G the lowest, and EM were intermediate (Owens et al., 1999). Insulin like 
growth factor-1 was positively correlated with growth rate (0.70), feed intake 
(0.37), and feed efficiency (0.52) and IGF-II was positively correlated with backfat 
depth (0.58) in pigs weighing approximately 55 to 110 kg (Owens et al., 1999). 
These correlations were anticipated as EM are known to have improved growth rate 
and feed efficiency compared to PC and PC which are known to have increased 
backfat depth compared to EM (Xue et al., 1997). 
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 It is important to understand that physical castration involves actual removal 
of the pigs’ testicles and is not similar to the immunological castration process. By 
removing the testicles, testicular steroid production stops. However, physical 
castration does not stop the biological cascade of events leading to LH and FSH 
production from GnRF.  
 In G and EM, GnRF stimulates LH and FSH production (Senger, 2005). In 
turn the steroids synthesized by LH have a negative feedback mechanism on GnRF 
(Senger, 2005). Oestrogens produced in the ovaries and testicles stimulate GH to 
secrete IGF-I (Claus et al., 1994). Together, androgens and oestrogens contribute to 
anabolic metabolism (Claus et al., 1994).  
 It has been shown that PC have greater LH levels compared to EM (Metz 
and Claus, 2003). This makes biological sense as PC do not exhibit a feedback 
mechanism on GnRF to control LH production. Metz and Claus (2003) revealed 
that LH concentrations decrease with age in EM and PC but they did not find the 
same effect for IC. In fact, LH was found to be significantly lower in IC compared 
to PC and EM at the 3 time points measured (2, 7, and 9 weeks post second 
injection and with the last time point also occurring 2 weeks after a third injection; 
Metz and Claus, 2003). A similar experiment observed that LH concentrations in IC 
dropped to the assay’s detection threshold within 5 days post second injection 
(Bauer et al., 2008). Shortly after the first injection, FSH started to decline in IC 
and continued to decline until a bottom plateau was reached and then stabilized 
(Bauer et al., 2008). It has been reported that 1 week post second injection, IC had 
spiked levels of GnRF antibody titres (Bauer et al., 2008). These levels then 
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decreased but were still greater than baseline levels for the remainder of the study 
(the next 44 d) (Bauer et al., 2008). Zamarakstskaia et al. (2008) confirmed that 
GnRF titres were greater and testosterone and oestrone sulfate levels were lower 
than EM at 22 weeks post second injection. These results were expected and 
verified that the antibodies to GnRF inhibit the natural cascade of events to 
suppress LH and FSH production and can last at least until 22 weeks post second 
injection.  
 Entire males and IC were similar and had greater overall mean GH 
concentrations compared to PC at 2 and 7 weeks post second injection (Metz and 
Claus, 2003). The mean 17ß-estradiol concentrations were significantly less in IC 
than EM and mean concentrations of IGF-I were greater in EM compared to IC and 
PC which did not differ over a 7 week period (2 to 9 weeks post second injection) 
(Metz and Claus, 2003).  
 Entire males have higher lysine requirements to support increased protein 
deposition compared to G and PC (NRC, 2012). Huber et al. (2013) showed that 9 
to 16 days post second injection, IC were similar to both EM and PC in terms of 
nitrogen retention and at 20 to 26 and 30 to 36 days post second injection, IC 
retention was similar to that of PC and lower than that of EM. Metz et al. (2002) 
observed EM nitrogen retention to be greater than PC and IC at 4 and 5 weeks post 
second injection. These studies may indicate that the lysine requirement may 
decrease to levels that are similar to PC after the second injection. Further research 
is warranted to determine the lysine requirements post second injection due to the 
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limited collection time frames employed in these studies and the lack of research to 
determine the requirements of IC. 
 Fábrega et al. (2010) measured growth performance from approximately 30 
to 90 kg and showed that PC had the greatest ADG, IC and EM had the lowest, and 
G were intermediate. Physical castrates consumed the most feed while IC, EM, and 
G consumed the least; PC were the least efficient and IC, EM, and G were the most 
efficient (Fábrega et al., 2010). Dunshea et al., (1993) shown from 60 to 90 kg, EM 
had the greatest ADG, G had the lowest, and PC were intermediate. Physical 
castrates had higher ADFI than EM and G and EM were more efficient than PC and 
G (Dunshea et al., 1993). Puls et al., (2014) observed that from 70 to 100 kg, ADG 
was the greatest among PC, EM, and IC, PC had the greatest ADFI, and IC and EM 
were the most efficient. Although these 3 experiments do not completely agree with 
respect to ADG, all of them had demonstrated that the EM and IC were the most 
efficient and PC consumed the most feed. This was expected as EM and IC were 
technically both EM as the IC were not immunologically castrated at the time of the 
experiment. 
 However, following the second injection, the growth performance from IC 
changes. Puls et al. (2014) (BW approximately 100 to 130 kg), shown IC had the 
greatest ADG among the sexes which was similar to Fábrega et al. (2010; 
approximate BW of 90 to 115 kg). Those studies concluded that IC ate more feed 
than the other sexes (Fábrega et al., 2010; Puls et al., 2014). Puls et al. (2014) 
reported that EM had improved G:F compared to the 3 other sexes whereas Fábrega 
et al. (2010) concluded that EM and IC were the most efficient. It has been 
8 
 
speculated that EM may have lower feed intake either because of a lower appetite 
or due to increased sexual and aggressive behaviors (Pauly et al., 2009). 
Furthermore, one hypothesis for the increase in feed intake in IC is due to the 
increased time spent eating and decreased time exhibiting sexual or aggressive 
activities due to the suppression of testicular steroids (Dunshea et al., 2001). Metz 
and Claus (2003) described factors that may play a role in IC retained anabolic 
potential: metabolic imprinting (Jansson and Frohman 1987, as cited by Metz and 
Claus, 2003) and the assumption that GnRF suppression leads to increased GH 
(Metz et al., 2003). 
 Previous studies reported small differences with respect to sex and overall 
ADG. In comparison, Puls et al., (2014) reported that IC had the greatest gain, 
Fábrega et al. (2010) concluded that PC and IC had the greatest rate of gain and 
Weiler et al., (2013; approximate BW of 15 to 95 kg) showed IC, PC, and EM were 
similar. These studies agreed that the overall IC feed intake was similar to PC feed 
intake and greater than EM and G (Fábrega et al., 2010; Puls et al., 2014; Weiler et 
al, 2013). Puls et al. (2014) observed EM were most efficient, G and PC the least 
efficient, and IC intermediate. Conversely, Fábrega et al. (2010) reported that EM 
and IC were the most efficient, PC were the least efficient, and G were 
intermediate, while Weiler et al. (2013) suggested that EM were the most efficient, 
IC and PC were the least efficient, and G were intermediate. Therefore, it is agreed 
that EM were the most efficient and PC were the least. The only inconsistency 
occurred with respect to IC and G. In some studies, the IC were as efficient as the 
EM or IC could be as poor as the PC. 
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Pork Quality 
 Boar taint is associated with an unpleasant smell and/or flavor in pork. 
Androstenone, emits off a urine-like odor (Patterson, 1968), and skatole (Vold, 
1970; Walstra & Maarse, 1970, as cited by Bonneau, 1982), emanates a fecal like 
odor upon heating, are the two main compounds associated with boar taint, 
accumulating in the adipose tissue. The detectable boar taint thresholds range from 
0.5 to 1.0 ug/g and 0.2 to 0.25 ug/g for androsteneone and skatole, respectively 
(Walstra et al., 1999). 
 Prengnenlone in the male goes through intermediate steps to form 
testosterone, oestrogens, and androstenone (Bonneau, 1982). After synthesis of the 
pheromone androstenone, the molecule goes into blood circulation after which it 
can be stored in the adipose tissue, travel to the salivary glands and excreted in 
salvia, or be catabolized and excreted in the urine (Bonneau, 1982). The 
androstenone level present in the pig can be influenced by age, body weight, 
genetics, season, nutrition, and environment (Bonneau, 1982; Claus et al., 1994; 
Zamaratskaia and Squires, 2009). Heritability for androstenone levels measured in 
fat obtained from pigs ranges from 0.25 to 0.87 (Willeke, 1993 as cited by 
Zamaratskaia and Squires, 2009). Thus, it is possible to reduce androstenone levels 
within a pig population through traditional selection methods and hence choosing 
breeding stock with low androstenone concentrations can reduce boar taint risk 
from market hogs that are produced from these animals. 
 Skatole is formed by tryptophan degradation by microbes in the pig’s large 
intestine and taken up into blood circulation (Claus et al., 1994). Skatole levels can 
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be influenced by nutrition, genetics, housing conditions, and management (Claus et 
al., 1994; Zamaratskaia and Squires, 2009). For example, a summary by 
Zamaratskaia and Squires (2009) shows several different carbohydrate sources can 
decrease skatole levels in the adipose tissue and feces. 
 Boar taint in pork is often associated with EM hence the term boar taint. 
However, G and PC can have boar taint present in their pork as well. Prusa et al., 
(2011) observed that 59.2% of EM, 3.3% of PC, 1.1% of G, and 5.0% of sows had 
greater sensory scores above the estimated threshold for backfat aroma and 31.7% 
of EM, 7.2% of PC, 2.8% of G, and 9.2% of sows had greater sensory scores for 
lean aroma according to the group’s threshold limits. Although, there is a standard 
threshold set for identifying adipose tissue with androstenone and skatole 
concentrations to be considered to be high enough to be detectable as boar taint, 
there is no standard threshold set for identifying tainted tissue samples with sensory 
panels (Prusa et al., 2011). The pigs in the previous experiment were evaluated for 
androstenone and skatole levels in the backfat. Results showed that 55.8% of EM 
had androstenone concentrations above the detectable boar taint thresholds whereas 
PC, G, and sows had much lower average androstenone concentrations (0.124 for 
PC, 0.120 ug/g for G, and were not detectable for sows within assay quantification; 
Prusa et al., 2011). For skatole, PC, G, sows, and EM had average concentrations of 
0.046, 0.034, 0.038, and 0.197 ug/g, respectively, and thus none of the sexes 
averaged above the threshold level (Prusa et al., 2011). However, 34.2% of EM 
sample values fell above the threshold levels (Prusa et al., 2011). 
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 Pork from gilts and PC are less likely to emit boar taint compared to pork 
from EM due to the absence of testicular steroids and very little or no skatole 
present in adipose tissue. It has been hypothesized and shown in vitro with pig 
hepatocytes, that EM can have higher skatole concentrations in the adipose tissue 
because androstenone inhibits the metabolism of skatole (Doran et al., 2002). 
Another hypothesis is that skatole production is greater in the large intestine from 
EM due to IGFI stimulating gut mucosa proliferation leading to higher cell turnover 
by glucocorticoids, thereby increasing cell debris and tryptophan availability (Claus 
et al., 1994). Bacteria in the large intestine then degrade tryptophan to skatole 
(Claus et al., 1994). It has been reported that the use of immunological castration 
resulted in boar taint compounds, androstenone and skatole, to be decreased to 
levels below the generally accepted threshold limits (Dunshea et al., 2001; 
Lealiifano et al., 2011; Zamaratskaia et al., 2008). 
 Sensory studies using cooked pork comparing all 4 sexes reported 
androstenone and skatole odors were highest in EM and lowest in PC, G, and IC 
(Font i Furnols et al., 2009). Pork from EM were shown to be less juicy when 
compared to pork from PC, G, and IC (Font i Furnols et al., 2009). Font i Furnols et 
al. (2008) demonstrated that pork from EM had the poorest odor and flavor scores 
compared to the other 3 sexes.  
 Several sensory studies have reported pork from IC being indistinguishable 
from pork produced from PC (Aluwé et al., 2013; Braña et al., 2013; Font i Furnols 
et al., 2008; Font i Furnols et al., 2009; Jeong et al., 2008). For example, some of 
the characteristics measured in these studies included flavor, odor, tenderness, 
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visual appearance, juiciness, color, and overall appeal. All of these studies 
evaluated multiple sensory traits using different production management strategies 
such as individually vs group housed pigs, timing of the second injection before 
slaughter, and different types of sensory panels. Pigs were harvested approximately 
4 weeks (Aluwé et al., 2013; Braña et al., 2013; Font i Furnols et al., 2008 and 
2009) and 6 weeks (Jeong et al., 2008) post second injection. Therefore, within 
similar management conditions, one could conclude that pork from IC and PC 
would be similar with regard to sensory characteristics and thus be acceptable by 
the consumer. 
 Similar studies evaluating all 4 sexes have had mixed results in relation to 
pork quality characteristics. Jeong et al. (2008) found that a* and shear force 
differed significantly among the sexes. However, pH, L*, b*, photographic color, 
water holding capacity, and cooking loss did not differ (Jeong et al., 2008). Gispert 
et al. (2010) drew similar conclusions that L*, a*, and marbling differed, but b*, 
pH, and color did not differ among the 4 sexes. Boler et al. (2014) observed that pH 
differed but L*, a*, b*, color, marbling, and firmness did not differ. Gispert et al. 
(2010) explained that although there were significant differences in L* and a* in 
their experiment, the differences could not be identified by the human eye 
(Japanese color score) and that the meat quality was considered to be of good 
quality among the sexes. Therefore, the consumer may not be able to detect 
differences in meat from different sexes when quality is acceptable.  
 A major pork quality difference among the sexes is marbling. Gispert et al. 
(2010) reported that pork from PC had the most marbling, EM had the least, and G 
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and IC were intermediate between the 2 other sexes. One experiment comparing 
backfat depth and protein and lipid percentage from the 4 sexes observed that on the  
second injection day, IC, EM, and G had less backfat depth, higher protein 
percentage, and lower lipid percentage compared to PC (Fábrega et al., 2010). At 
slaughter, IC backfat and lipid percentage were similar to that of PC and greater 
than EM and G while protein percentage of IC was intermediate between PC and G 
(Fábrega et al., 2010). Immunological castrates would be expected to have an 
increase in fat depth compared to EM and hence an increase in lipid percentage in 
the carcass; this results from the anti-GnRF procedure that decreases testosterone 
levels in IC (Dunshea et al., 2001; Lealiifano et al., 2011). Entire males would be 
expected to be leaner and therefore have less marbling due to the anabolic effects of 
androgenic steroids such as testosterone (Dubois et al., 2012). 
 One concern with immunological castration is the possibility of missing the 
second anti-GnRF injection. Several researchers have investigated ways to 
determine the effectiveness of immunological castration by investigating testicular 
weight, color, and/or width (Dunshea et al., 2001; Gispert et al., 2010; Lealiffano, 
2011).  
 There is no fast, easy, and reliable way to detect a pig carcass with boar taint 
on the slaughter line at the packing plant. Researchers are working on ways and 
have investigated using wasps (Olson et al., 2012; Wäckers et al., 2011) and several 
types of evaluation methods via heating the backfat such as microwaving, melting, 
using a hotwire, and boiling samples (Whittington et al., 2011). 
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 COMPARISON AMONG GILTS, PHYSICAL CASTRATES, ENTIRE MALES, 
AND IMMUNOLOGICAL CASTRATES IN TERMS OF GROWTH 
PERFORMANCE, NITROGEN AND PHOSPHORUS RETENTION, AND 
CARCASS FAT IODINE VALUE  
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*Iowa State University, Department of Animal Science, Ames, IA, 50011 
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Abstract 
 The main objective of this experiment was to determine the nitrogen and P 
retention, and energy digestibility of immunological castrates (IC), entire males 
(EM), physical castrates (PC), and gilts (G) during 3 growth phases. A second 
objective was to compare growth performance among the sexes. The final objective 
was to determine the fatty acid composition and iodine value of adipose tissue from 
each of the sexes. Six pigs (PIC 337 x C22/29) of each sex, with an initial mean 
BW of 35.7 ± 0.6 kg and a final BW of 145.0 ± 1.3 kg, were used in 2 replications 
for a total of 12 pigs per sex. Anti-gonadotropin releasing factor injections were 
administered at 13 and 18 wk of age and the second injection was given at 6 wk 
before harvest. Nitrogen, P, and energy digestibility were measured the last 3 d of 
the 10 d metabolism period starting at mean BW of 39.5 ± 0.6, 73.7 ± 0.8, and 
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105.5 ± 0.9 kg for periods 1, 2, and 3, respectively. The third collection started 2 wk 
post second injection. Entire males and IC had superior overall ADG compared to 
PC and G (P < 0.05). Entire males and G had the lowest overall ADFI and PC had 
the greatest with IC being intermediate (P < 0.05). Entire males were the most 
efficient followed by IC and PC and G were the least efficient (P < 0.05). 
Immunological castrates and EM had similar nitrogen retention (g/d) for the first 2 
collection periods (P < 0.05). In the third collection period, nitrogen retention of IC 
was intermediate between that of EM and G/PC (P < 0.05). Phosphorus retained 
(g/d) was not different among the sexes in the first collection; during the second 
collection, EM retained the greatest amount of P, G and PC the lowest with IC 
intermediate. For the third collection, IC had similar P retention to EM, EM had 
similar retention to PC, and PC had similar retention to G (P < 0.05). However, G 
retained less P than EM or IC (P < 0.05). Apparent total tract digestibility of DM 
and GE and the DE of the diet did not differ among the sexes in any of the 
collection periods (P > 0.05). The jowl iodine value (IV) was the lowest in IC and 
PC and highest in EM with G being intermediate (P < 0.05). In belly samples, EM 
had the highest IV with the other 3 sexes being similar (P < 0.05). In conclusion, 2 
wk after the second injection, IC transition to become more similar to PC in terms 
of nitrogen utilization but yet are still somewhat similar to EM, suggesting a feed 
program intermediate between EM and PC is required to meet their nutritional 
requirements. 
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Introduction 
 A recently approved procedure has been introduced into the United States 
which provides an alternative to physical castration in pigs while addressing the 
boar taint issue, a meat quality problem associated with pork from entire males 
(EM; Dunshea et al., 2001). Two 2 mL injections of an anti-gonadotropin releasing 
factor (GnRF), with the first injection given after 9 wk of age and the second 
injection occurring at least 4 wk after the first injection and 3 to 10 wk prior to 
harvest, temporarily immunologically castrate EM (Improvest, Zoetis Inc., Florham 
Park, NJ). These so-called immunological castrates (IC) are expected to achieve 
growth performance similar to EM prior to the second injection, and then transition 
to being more like physical castrates (PC) thereafter (Dunshea et al., 2013). 
 It is important to understand the performance, including the nitrogen and P 
balance, of IC, when compared to EM, PC, and gilts (G). This information is 
essential when developing optimal feeding programs. Nitrogen retention provides 
an estimate of protein accretion and provides important information related to the 
pig’s amino acid and energy requirements (Patience, 2012). Producers in the United 
States have a sound understanding of how to feed G and PC and to a lesser extent 
EM but, there is a need for detailed information for use in developing optimal 
feeding programs for IC. Therefore, the main objective of this experiment was to 
determine the nitrogen and P retention and energy digestibility of IC compared to 
EM, PC, and G. The second objective was to investigate the growth performance of 
IC in relation to the other sexes. The third, and lesser, objective was to determine 
the jowl and belly iodine value (IV) from fat samples obtained from the 4 sexes. 
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The hypothesis tested was that IC would be similar to EM before the second 
injection and afterwards would be more similar to PC. 
 
Material and Methods 
This experiment was conducted at the Iowa State University Swine 
Nutrition Farm (Ames, IA). All experimental procedures adhered to the ethical and 
humane use of animals for research, and were approved by the Institutional Animal 
Care and Use Committee (# 8-11-7189-S). 
 
Animals, housing, and experimental design  
Twelve pigs (PIC 337 x C22/29; Pig Improvement Company, 
Hendersonville, TN) of each sex (G, PC, EM, and IC) were selected across 2 
replicates based on a 13 d pre-test period during which ADG was determined. Pigs 
were selected with similar ADG and BW. Gilts and PC were selected to have 
similar weights as the EM and IC but due to the supplier selection of pigs delivered, 
the G and PC tended to be heavier. All pigs were housed in individual pens or in 
metabolism crates during the experiment. Individual pens had partially slatted 
floors with 1 cup water drinker and provided 1.8 m
2
 per pig. Feed was provided ad 
libitum throughout the experiment. Water was provided ad libitum in individual 
pens. In the metabolism crates, water was controlled using a timer to reduce luxury 
water consumption (Fraser et al., 1990), but ensuring water requirements were met 
(Shaw et al., 2006). Water was provided ad libitum 4 times a day: 2 h during each 
of the feeding periods, 1 h midway between the daily meals, and 1 h at the end of 
24 
 
the day. In the metabolism crates, feeders were filled twice a day to ensure that pigs 
had ad libitum access to feed. 
Experimental phases 1, 2, and 3 lasted from d 0 to 27, 28 to 47, and 48 to 98 
of the experiment, respectively. Each phase included a metabolism period of 10 d (d 
6 to 16, 37 to 47, and 63 to 73 for periods 1, 2, and 3, respectively) during which 
pigs were housed in metabolism crates. Otherwise, pigs were housed in individual 
pens. The first 7 d in the metabolism crates provided an adaptation period followed 
by 3 d of urine and fecal collection (d 13 to 16, d 44 to 47, and d 70 to 73 for 
collection periods 1, 2, and 3, respectively). Total urine and fresh fecal samples 
were collected from each pig. Feed wastage collected during the 10 d metabolism 
period was dried and subtracted from the total feed intake to calculate true ADFI. 
Pigs were individually weighed and FI was recorded to calculate ADG, 
ADFI, and G:F. Such weights were taken at the beginning of the experiment, each 
time they entered and exited the metabolism crates, and at each dietary phase 
change. 
The first anti-GnRF injection was given at 11.5 and 10.5 wk, before harvest 
for rep 1 and 2, respectively, or approximately at 13 wk of age. The difference in 
timing between the replicates was based on the scheduling of personnel to 
administer the product. The second injection was given 6 wk before harvest or at 
approximately 18 wk of age; this corresponded to 9 d after the start of the third 
dietary phase. The timing of the injections were in accordance with product label. 
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Sample collection 
Approximately 100 g sample of each diet were collected twice a week 
during feeding. Feed samples were collected separately for each replicate, since 
different batches of diets were fed, and these samples were analyzed separately. 
Total urine and fresh grab fecal samples were collected twice a day 8 h 
apart. Fecal samples were placed in plastic zip-close bags and frozen at -20ºC. At 
the end of each collection period, fecal samples were thawed at room temperature, 
pooled within pig, homogenized, and subsampled for later analysis. Fecal samples 
were later dried at 65ºC. 
Urine was collected in acid washed plastic jugs containing sufficient HCl 
acid to maintain a pH of less than 2 to reduce nitrogen volatilization. During 
collection, the plastic jugs were weighed, the urine was homogenized, filtered with 
glass wool, subsampled, and stored at -20ºC for future analysis of nitrogen and P.  
Pigs were harvested at Sioux-Preme Packing Co. (Sioux Center, Iowa). 
Adipose tissue samples were taken from the jowl at the ear dip and from the belly at 
the belly shoulder separation. Samples were taken to the Iowa State University 
Monogastric and Comparative Nutrition Laboratory (Ames, IA), and stored at -
80ºC for future analysis. 
 
Diet formulation  
 Diets were formulated to meet or exceed the nutrient requirements of EM 
and were provided in mash form (NRC 1998; Table 2.1). In this way, the diets were 
the same across all sexes within phase. All essential AA were increased above 
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requirement by 5% and vitamin and trace minerals were increased by 15% above 
requirement, to ensure that nutrient supply would not limit performance from any 
sex. Titanium dioxide was added at 0.4% of the diet as an indigestible marker to 
measure nutrient digestibility. 
 
Proximate analysis and calculations 
Before analysis, diet and fecal samples were ground in a Wiley Mill 
(Variable Speed Digital ED-5 Wiley Mill; Thomas Scientific, Swedesboro, NJ) 
through a 1-mm screen and subsequently stored in desiccators to maintain constant 
percentage of DM. Feed, fecal, and urine samples were analyzed in duplicate for all 
assays, and repeat analysis occurred for any sample with a CV above 1% for DM, 
GE, or N, above 3% for titanium dioxide or fecal P, and above 5% for urinary P. 
Dry matter was determined by drying samples to a constant temperature at 105ºC 
(Isotemp oven; Fisher Scientific, Waltham, MA). Gross energy of the feces and 
feed was determined by bomb calorimetry (Model 6200; Parr Instrument Co., 
Moline, IL) using benzoic acid as a standard (6,318 kcal GE/kg; Parr Instrument 
Co., Moline, IL). Determined GE of the benzoic acid was 6,320 ± 7 kcal GE/kg. 
Titanium dioxide was determined using the method adapted from Leone, 1973. 
Nitrogen was determined by Tru Mac (Leco Corporation, St. Joseph, MO) using 
EDTA (9.56% nitrogen; Leco Corporation, St. Joseph, MO) for calibration. 
Determined nitrogen percent of EDTA was 9.57 ± 0.10%. Phosphorus was 
determined by method 7.123 adapted from the AOAC (1980) and absorption was 
measured at 400 nm using a spectrophotometer (Synergy 4; BioTek, Winooski, 
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VT). The apparent total tract digestibility (ATTD) for DM, GE, nitrogen, and P 
were determined according to Oresanya et al., 2007.  
Fatty acids were extracted from adipose tissue samples according to Lepage 
and Roy (1986). Fatty acid methyl ester peaks were determined by gas 
chromatography (Varian 3900, Autosampler Varian CP-8400, Walnut Creek, CA) 
using a 60 m x 0.25 mm, 0.5 micron capillary column (Agilent Technologies, Inc. 
DB-23, Santa Clara, CA). Helium gas was the carrier at 2 mL/min with a split ratio 
of 100. The injector and the flame ion detector were set at 240°C. The oven 
temperature started at 50°C and was held constant for 1 min, then increased at 25°C 
per min to 175°C, and further increased at 4°C per min to 230°C; this final 
temperature was maintained for 8 min. Peaks were identified using GLC 68D (Nu 
Chek Prep, Inc., Elysian, MN) and Supelco 37 Component FAME Mix (Sigma 
Aldrich, St. Louis, MO) standards and Varian Star Chromatography Workstation 
version 6.41 software (Walnut Creek, CA). Iodine value was determined using the 
following equation: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + 
[C18:3] × 2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate 
concentration (%) (AOCS, 1998). 
 
Statistical analysis 
 Two animals, 1 PC and 1 IC, were removed from the experiment due to 
signs of clinical illness and were excluded from the dataset. Data were checked for 
normality using the PROC UNIVARIATE and PROC ROBUSTREG procedures in 
SAS 9.3 (SAS Inst., Cary, NC). All statistical analyses were performed using 
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PROC MIXED with pig as the experimental unit. The model for growth 
performance data included sex as a fixed effect and replicate as a random effect. In 
addition to the above procedures, for overall ADG repeated measures were used 
with the TOEP covariance structure. Initial BW served as a covariate in all growth 
performance data as it was significantly different between replicates (P ˂ 0.05). 
Model effects were considered significant P < 0.05. If an effect was a significant 
source of variation, least square means were calculated and treatment means 
separated using the PDIFF option. Differences were considered significant if P < 
0.05 and trends if P ≥ 0.05 and P < 0.10. The digestibility, fatty acid composition, 
and IV data were analyzed with sex as a fixed effect and replicate as a random 
effect. One EM belly adipose tissue sample was missed at the plant and not 
included in the analysis.  
 
Results and Discussion 
Growth performance   
Initial BW among the sexes did not differ within replicate (P > 0.05; data 
not shown) but did differ overall with G and PC heavier than IC and EM (P < 0.05; 
Table 2.2). This was due to G and PC having slightly greater BW in each replicate 
compared to EM and IC so that after combining all the data, differences in initial 
BW were significant. The difference was a function of differences in pig BW at the 
time of the supplier’s delivery of weaned pigs to the farm. At the start of the second 
phase, there was a trend for BW of EM and IC to be greater than that of the G and 
PC (P < 0.10). At the start of the third phase and at market (d 98), EM were the 
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heaviest; PC were lighter than EM and IC were intermediate between the 2 sexes. 
Gilts were the lightest (P < 0.05).  
In phase 1, there was no difference among the sexes in ADG and ADFI, but 
EM and IC had improved G:F compared with PC and G (P < 0.05). In phase 2, 
growth performance was as expected, with EM, IC, and PC gaining the fastest, EM, 
IC, and G consuming the least amount of feed, and EM and IC the most efficient (P 
< 0.05). For the third phase, IC and EM had a greater ADG than PC and G (P < 
0.05). Immunological castrates were similar to PC and greater than EM and G in 
feed intake (P < 0.05). The feed efficiency of the IC declined relative to that of the 
EM and was more similar to G; as expected, PC were the least efficient (P < 0.05).  
Overall, EM and IC had the greatest ADG, EM and G consumed the least 
amount of feed with PC having the greatest ADFI and IC intermediate between the 
3 other sexes (P < 0.05). Entire males were the most efficient followed by IC, and 
G and PC were the least efficient (P < 0.05). 
In the first metabolism period, the sexes did not differ in initial and final 
BW (P > 0.05; Table 2.3). There were differences in BW for the other 2 metabolism 
periods; in general the males were heavier than G. Surprisingly, ADG did not differ 
among sexes in any of the 3 metabolism periods (P > 0.05). This could possibly be 
explained by the large variation (SEM) observed in the metabolism data due to the 
small number of animals combined with the brief growth period evaluated (10 d). 
In the first metabolism period, G and PC had the greatest ADFI, IC had the 
lowest, and EM were intermediate (P < 0.05). Entire males, IC, and G ate less feed 
than PC in the second metabolism period (P < 0.05). Immunological castrates and 
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PC had the greatest ADFI and G and EM had the lowest ADFI in the third period (P 
< 0.05). In the first metabolism period, PC and G were the least efficient and EM 
were the most efficient while IC were intermediate (P < 0.05). For the second 
metabolism period, EM and IC were the most efficient and PC and G were the least 
efficient (P < 0.05) but for the third metabolism period, the sexes did not differ in 
feed efficiency (P > 0.05). 
One objective of this portion of the experiment was to investigate the 
growth performance of all sexes of pigs, including IC, at heavy market weights. 
Limited research is available on growth performance of pigs raised beyond the 
approximately 125 kg typical market weight in the United States (National 
Agricultural Statistics Services, 2012). As market weights of pigs continue to 
increase, it is important to understand the growth performance of pigs in order to 
develop feeding programs. Additionally, it is important to observe the performance 
of all sexes of pigs, as growing concerns over physical castration may lead to the 
use of EM or IC for future pork production. Therefore, in this experiment the pigs 
were raised to 6 wk post second injection to increase market weights and put 
pressure on the immunological castration procedure. 
 Fábrega et al., (2010) measured growth performance from approximately 
30 to 90 kg and showed that PC had the greatest ADG, IC and EM had the lowest, 
and G were intermediate. Physical castrates consumed the most feed while IC, EM, 
and G consumed the least; PC were the least efficient and IC, EM, and G were the 
most efficient (Fábrega et al., 2010). Dunshea et al., (1993) shown from 60 to 90 
kg, EM had the greatest ADG, G had the lowest, and PC were intermediate. 
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Physical castrates had higher ADFI than EM and G and EM were more efficient 
than PC and G (Dunshea et al., 1993). Puls et al., (2014) observed that from 70 to 
100 kg, ADG was the greatest among PC, EM, and IC, PC had the greatest ADFI, 
and IC and EM were the most efficient. Although these 3 experiments are not in 
total agreement with respect to ADG, all of them, including the present experiment, 
have demonstrated that the EM and IC were the most efficient and PC consumed 
the most feed. This was expected as EM and IC were technically both EM since the 
IC were not immunologically castrated at the time of the evaluation. 
Following the second injection, the growth performance of IC changes. Puls 
et al. (2014) shown (BW approximately 100 to 130 kg), IC had the greatest ADG 
among the sexes which is similar to Fábrega et al. (2010; approximate BW of 90 to 
115 kg) but different from the present experiment. In the current experiment, phase 
3 started 9 d before the second injection, had a greater length of time from second 
injection until slaughter, and pigs were marketed at heavier weights than reported 
by others. The other studies concluded that IC eat more feed than the other sexes 
(Fábrega et al., 2010; Puls et al., 2014) whereas, the current experiment found that 
feed intake of IC and PC was similar and greater than G and EM. Puls et al. (2014) 
reported that EM had improved G:F compared to the 3 other sexes, whereas 
Fábrega et al. (2010) and the current experiment concluded that EM and IC were 
the most feed efficient. 
Each of the studies reported small differences with respect to sex and overall 
ADG. In comparison, Puls et al., (2014) reported that IC had the greatest total gain, 
Fábrega et al. (2010) concluded that PC and IC had the greatest rate of gain and 
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Weiler et al., (2013; approximate BW of 15 to 95 kg) reported that IC, PC, and EM 
were similar. In contrast, the current experiment showed that EM and IC had the 
greatest ADG. Each of these studies agreed that the overall IC feed intake was 
similar to PC feed intake and greater than EM and G (Fábrega et al., 2010; Puls et 
al., 2014; Weiler et al, 2013). Puls et al. (2014) observed similar results with respect 
to feed conversion, with EM being the most efficient, G and PC the least efficient, 
and IC intermediate. Conversely, Fábrega et al. (2010) reported that EM and IC 
were the most efficient, PC were the least efficient, and G were intermediate, while 
Weiler et al. (2013) suggested that EM were the most efficient, IC and PC were the 
least efficient, and G were intermediate. Therefore, it is agreed that EM are the 
most efficient and PC were the least. The only inconsistency occurred with respect 
to the relative status of IC and G. Entire males were expected to have the best 
growth performance as they have high circulating levels androgens and oestrogens, 
compared to PC and G (Claus et al., 1994). Androgens are oestrogens are known to 
contribute to anabolic metabolism (Claus et al., 1994). Gilts also produce 
oestrogens and lesser amount of androgens compared to EM but higher levels than 
PC, so they would be expected to perform better than PC (Claus et al., 1994). 
 
Nitrogen balance 
Gilts and PC had the greatest nitrogen intake, IC consumed the least, and 
EM were intermediate in the first collection period (P < 0.05; Table 2.4). There was 
no sex effect for fecal excretion of nitrogen (P > 0.05). Gilts and PC excreted the 
most nitrogen and EM and IC excreted the least (P < 0.05). Entire males retained 
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the greatest quantity of nitrogen (g/d), while G retained the least. Immunological 
castrates retained an amount intermediate between EM and PC, and PC were 
intermediate between IC and G (P < 0.05). When expressed on a percentage basis, 
N retention in IC and EM were similar, but greater than PC and G (P < 0.05). There 
was no difference in ATTD of nitrogen among the sexes in the first collection 
period (P > 0.05). 
Similar results in the first collection period were observed in the second 
collection period. Immunological castrates were similar to EM in relation to 
nitrogen intake, urinary excretion, total excretion, and retention. Physical castrates 
and G consumed the most nitrogen but retained the least (P < 0.05). Fecal excretion 
and ATTD of nitrogen did not differ among the sexes (P > 0.05).  
In collection period 3, IC consumed more nitrogen, excreted a greater 
quantity of nitrogen in the urine, and excreted more total nitrogen than EM (P < 
0.05). Although similar compared to EM, IC had lower retention (g/d) and thus 
were similar to PC. Gilts had the lowest retention and PC were intermediate 
between IC and G (P < 0.05). The ATTD of nitrogen did differ among the sexes but 
the difference was small (P < 0.05). Huber et al., (2013) reported IC retained 
similar amounts of nitrogen than either EM or PC from 9 to 16 d post second 
injection. They also observed that nitrogen retention in IC was similar to that of PC 
and lower than EM 20 to 26 d and 30 to 36 d post second injection (Huber et al., 
2013). Metz et al., (2002) found that at 4 and 5 wk post second injection, EM 
retained greater quantities of nitrogen compared to IC and PC which were similar.  
34 
 
That quantification of nitrogen retention allows for the calculation of the 
protein deposition and knowing the approximate protein deposition allows for the 
estimation of the lysine requirement. Lysine is a very important nutrient in diet 
formulation as it is generally the first limiting amino acid in most diets, and the AA 
to which all other AA requirements are defined according to the ideal protein ratio 
concept (Fuller et al., 1989). Further research is needed to understand the lysine 
requirement of IC after the second injection. However, the data reported herein 
suggests that 2 wk post second injection the lysine requirement would be 
intermediate to that of EM and PC. Thereafter, according to the results by Huber et 
al. (2013) and Metz et al. (2002), the lysine requirement may become more similar 
to PC than to EM. 
The percent of nitrogen retained by the pigs in this experiment was greater 
than typical although the percent digestibility was normal (Kornegay and Harper, 
1997). It is important to note that in this experiment, nitrogen retention was 
calculated as the difference between excretion and intake. Even though precautions 
were undertaken such as acidifying the urine, collecting twice a day, and freezing 
the subsampled urine with a capped container, some ammonia may have been lost 
from the collection trays. As a result, the retention may be overestimated. 
Nonetheless, it is reasonable to assume that each sex would have similar loss of 
ammonia. 
Understanding nitrogen utilization by pigs is important in developing 
practical diets and feeding programs. Excess AA absorbed from the diet will be 
excreted in the urine as urea whereas if not absorbed they will be excreted in the 
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feces as a product of microbial fermentation (NRC, 2012). Either way, excretion 
leads to excess nitrogen in the manure, which equates to inefficient use of nutrients. 
In the present experiment, it was observed that PC and G excreted more total 
nitrogen and retained less nitrogen than EM throughout each of the 3 phases, 
indicating that these 2 sexes were overfed in relation to EM. This was expected as 
the diets were formulated to meet the requirements of EM (NRC, 1998). It is known 
that EM have greater protein deposition compared to PC and G (Dunshea et al., 
1993; NRC 2012) because of the anabolic effects of androgenic steroids (Dubois et 
al., 2012). For this reason, the retention was expected to be greater in EM and IC 
for the first 2 collections and for EM for collection 3. All sexes had similar ATTD 
of nitrogen for the first 2 phases and the difference in the third phase was small. 
Also, throughout each of the phases, fecal excretion did not differ among the sexes. 
This indicates that each of the sexes absorbed nitrogen similarly and that excess 
nitrogen was excreted in the urine. 
 
Phosphorus balance 
In the first collection period, P intake was the greatest in G and PC, lowest 
in IC, and EM were intermediate (P < 0.05; Table 2.5). Phosphorus retention (g/d) 
did not differ among the sexes (P > 0.05). Entire males and IC retained the most P 
and excreted the least when expressed on a percent of intake (P < 0.05). Entire 
males and IC had similar ADFI, lower total percent excretion, and greater percent 
retention of P compared to PC and G in the second collection (P < 0.05). In the 
third collection period, it was observed that P intake of IC increased to be similar to 
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PC and the excretion levels in g/d of the 2 sexes were similar (P < 0.05). 
Phosphorus retention (g/d) was the greatest in IC and lowest in G. Physical castrates 
were similar to both EM and G and EM were similar to both IC and PC. The results 
suggest that 2 wk after the second injection, IC pigs have greater excretion due to 
an increase in feed intake but still have similar P retention as EM. Therefore, the P 
level in a feeding program for IC should be adjusted to account for this increase in 
feed intake. 
As expected the ATTD of P decreased with each collection period and this 
was a function of the diet composition. The contribution of monocalcium 
phosphate, a highly digestible source of P, decreased with each phase. One 
summary reported P retention in finishing pigs ranged from 20 to 45% and 
digestibility ranged from 20 to 50% (Kornegay and Harper, 1997). Apparent total 
tract digestibility of P in this experiment fell within this range or slightly above this 
range. Retention was also very close to the range reported by Kornegay and Harper 
(1997). The 2 values that were greater than 45% were probably because EM have a 
greater P requirement and therefore retained a greater proportion of P from the diet. 
The P requirement of EM is known to be greater than that of PC and G 
(NRC, 2012). A comparison of EM and PC both slaughtered at 105 kg showed that 
EM had 11% greater bone weight than PC (Knudson et al., 1985). This difference 
was not due to length or density but to bone thickness (Knudson et al., 1985). As it 
is known that bone is largely composed of Ca and P, thicker bones would indicate a 
greater P requirement. 
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Digestibility 
There were no significant differences in ATTD of DM and GE among the 
sexes for each collection period (P > 0.05; Table 2.6). Digestible energy of the diets 
for each collection period did not differ among the sexes (P > 0.05). Therefore, 
under the conditions of this experiment, when feeding a common diet, digestibility 
of energy will not differ among the sexes. 
 
Iodine value and fatty acid composition 
Regardless of sample site, the fatty acid composition and IV of fat from IC 
became more similar to that of PC at 6 wk post second injection with the exception 
of 18:1 in jowl samples (P < 0.05; Table 2.7). Boler et al. (2012) reported that the 
belly IV of IC was greater than PC 4 wk post second injection but by 6 wk post 
second injection, there was no difference. Tavárez et al., (2014) reported belly and 
jowl IV of IC and PC from 2, 4, 6, and 8 wk post second injection and found that 
PC IV remained relatively constant whereas IC IV decreased to become more 
similar to PC with increasing slaughter time post second injection. At 4 to 8 wk post 
second injection, both the belly and jowl IV were similar between IC and PC 
(Tavárez et al., 2014). All experiments, including the one reported herein, 
demonstrated that by 6 wk post second injection, IC clearly have had sufficient time 
to become similar to PC as reflected by IV. However, marketing pigs at a greater 
time post second injection results in decreased production efficiencies i.e. increased 
feed consumed therefore decreasing feed efficiency. More research may be needed 
to understand how nutrition may play a role in adjusting the IV of IC. 
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Entire males had a greater IV than PC and IC with G being intermediate in 
jowl samples (P < 0.05). Entire males had the greatest IV and IC, PC, and G had the 
lowest in belly samples (P < 0.05). On average, the jowl IV was 1.33% greater than 
that of the belly. The difference in IV from the 2 sample sites ranged from 1.85% in 
G to 0.34% in EM. It is widely known that the jowl has a greater IV than the belly. 
Seman et al., (2013) used an IV of greater than 74 g/100 g to classify pork 
bellies as soft or unacceptable. All of the sexes, except for EM, fell below this 
standard. Entire males had greater levels of 18:2 and 18:3 which may account for 
the greater IV. Wood et al., (1989) demonstrated that as backfat increased, 
concentrations of 18:2 and 18:3 decreased. This makes sense that EM had greater 
levels of these 2 fatty acids because EM have less backfat than PC (Boler et al., 
2014; Fábrega et al., 2010). It has also been shown that IC have similar levels of 
backfat to PC at 4 to 6 wk post second injection (Boler et al., 2014; Fábrega et al., 
2010; Tavárez, 2014) and thus it would be expected to have similar 18:2 and 18:3 
concentrations in the adipose tissue. When comparing EM and G, it was 
demonstrated that 18:1, 18:2, and 18:3 concentrations differed with G having 
greater 18:1 and lower 18:2 and 18:3 concentrations (Wood et al., 1989) and this 
was confirmed in this experiment.  
In conclusion, the differences in overall growth performance were as 
expected and provided a framework for the nitrogen and P experiment. After the 
second injection, IC were intermediate between EM and PC in terms of nitrogen 
retained and IC and EM retained similar levels of P. Raising IC provided 
production benefits over raising PC. Feeding programs for IC after the second 
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injection need to be further defined. However, these data suggest IC may require 
feeding programs intermediate to that of EM and PC, following the second 
injection. 
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Table 2.1 Ingredient and nutrient composition of diets by dietary phase (as-fed 
basis) 
Ingredient, % Phase 1
1
 Phase 2
2
 Phase 3
3
 
Ground corn 40.88 54.01 60.77 
DDGS 25.00 25.00 25.00 
Soybean meal, 46.5% CP 28.81 16.41 10.20 
Soybean oil 1.36 0.94 0.65 
Monocalcium phosphate 0.99 0.72 0.38 
Limestone 1.33 1.29 1.36 
Salt 0.50 0.50 0.50 
Lys HCl 0.30 0.30 0.30 
L-Thr 0.01 0.01 0.02 
Titanium dioxide 0.40 0.40 0.40 
Mineral premix
4
 0.25 0.25 0.25 
Vitamin premix
5
 0.17 0.17 0.17 
Calculated nutrient 
composition
6
    
NE, Mcal/kg 2370 2440 2476 
ME, Mcal/kg 3362 3362 3362 
CP, % 24.0 19.3 17.0 
SID Lys, % 1.20 0.90 0.75 
SID Thr, % 0.73 0.57 0.50 
SID Met, % 0.35 0.30 0.27 
SID Met+Cys, % 0.67 0.56 0.51 
SID Trp, % 0.22 0.16 0.12 
SID Ile, % 0.83 0.63 0.53 
SID Val, % 0.96 0.76 0.66 
Ca, % 0.80 0.70 0.65 
Total P, % 0.69 0.59 0.49 
Available P, % 0.40 0.33 0.25 
1
 Phase 1 diets fed d 0 to 27 (~ 35 to 60 kg BW). 
2 
Phase 2 diets fed d 28 to 47 (~60 to 85 kg BW). 
3 
Phase 3 diets fed d 48 to d 98 (~85 to 145 kg BW). 
4
 Provided per kilogram of diet: Zn, 275 mg as zinc sulfate; Fe, 275 mg as iron 
sulfate; Mn, 65 mg as manganese sulfate; Cu, 28 mg as copper sulfate; I, 0.5 mg as 
calcium iodate; and Se, 0.5 mg as sodium selenite. 
5
 Provided per kilogram of diet: vitamin A, 7496 IU; vitamin D, 937 IU; vitamin E, 
30 IU; vitamin K, 3.0 mg; niacin, 33.7 mg; pantothenic acid, 18.7 mg; riboflavin, 
5.6 mg; and vitamin B
12
, 0.026mg. 
6 
NRC, 1998. 
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Table 2.2 The effect of sex on growth performance and feed efficiency by dietary 
phase 
abc 
Within a row, means without a common superscript differ (P < 0.05). 
1
G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate. 
 
  
 
Sex
1
 
  Item G PC EM IC SEM P-value 
No. of pigs 12 11 12 11 - - 
BW, kg 
        d 0  37.2
a
 36.6
a
 34.3
b
 34.3
b
 3.19 0.004 
  d 28  61.7 62.3 64.4 63.2 0.71 0.067 
  d 47  82.3
c
 85.2
b
 88.5
a
 85.7
ab
 1.00 0.001 
  d 98 138.7
c
 142.0
bc
 151.9
a
 147.5
ab
 2.20 0.001 
ADG, kg/d 
        Phase 1 0.93 0.95 1.02 0.98 0.025 0.065 
  Phase 2 1.08
b
 1.21
a
 1.27
a
 1.19
a
 0.031 0.001 
  Phase 3 1.11
b
 1.12
b
 1.26
a
 1.23
a
 0.042 0.005 
  Overall 1.05
b
 1.06
b
 1.17
a
 1.14
a
 0.031 0.001 
ADFI, kg/d 
        Phase 1 1.97 2.04 1.95 1.87 0.044 0.109 
  Phase 2 2.82
b
 3.24
a
 2.93
b
 2.79
b
 0.074 <0.001 
  Phase 3 3.47
b
 3.75
a
 3.48
b
 3.78
a
 0.082 0.009 
  Overall 2.91
b
 3.16
a
 2.93
b
 3.04
ab
 0.062 0.028 
G:F 
        Phase 1 0.47
b
 0.46
b
 0.53
a
 0.52
a
 0.009 <0.001 
  Phase 2 0.39
b
 0.37
b
 0.44
a
 0.43
a
 0.009 <0.001 
  Phase 3 0.32
b
 0.30
c
 0.36
a
 0.32
b
 0.008 <0.001 
  Overall 0.38
c
 0.36
c
 0.43
a
 0.40
b
 0.006 <0.001 
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Table 2.3 The effect of sex on growth performance and feed efficiency by 
metabolism period 
  Sex
1
 
  Item G PC EM IC SEM P-value 
No. of pigs 12 11 12 11 - - 
Metabolism 1 
        Initial BW, kg 39.3 39.1 39.9 39.7 0.32 0.217 
  Final BW, kg 49.4 49.6 50.5 49.3 0.64 0.083 
  ADG, kg/d 1.01 1.04 1.05 0.95 0.035 0.086 
  ADFI, kg/d 1.82
a
 1.86
a
 1.75
ab
 1.63
b
 0.048 0.016 
  G:F 0.55
b
 0.56
b
 0.61
a
 0.59
ab
 0.024 0.045 
Metabolism 2 
        Initial BW, kg 71.3
c
 73.2
bc
 76.3
a
 74.1
ab
 0.93 0.005 
  Final BW, kg 82.3
c
 85.2
b
 88.5
a
 85.7
ab
 1.00 0.001 
  ADG, kg/d 1.09 1.20 1.22 1.17 0.060 0.230 
  ADFI, kg/d 2.93
b
 3.34
a
 2.95
b
 2.84
b
 0.105 0.001 
  G:F 0.37
b
 0.36
b
 0.43
a
 0.42
a
 0.034 0.002 
Metabolism 3
2
 
        Initial BW, kg 101.5
b
 104.9
b
 110.2
a
 105.4
b
 1.59 0.003 
  Final BW, kg 111.3
c
 115.7
bc
 121.5
a
 116.4
b
 1.60 <0.001 
  ADG, kg/d 0.98 1.08 1.14 1.10 0.060 0.284 
  ADFI, kg/d 3.28
b
 3.69
a
 3.29
b
 3.65
a
 0.105 0.006 
  G:F 0.30 0.29 0.35 0.30 0.016 0.081 
abc 
Within a row, means without a common superscript differ (P < 0.05). 
1
G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate. 
2 
The third collection commenced 14 to 17 d after the second anti-gonadotropin 
releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ). 
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Table 2.4 The effect of sex on nitrogen balance and apparent total tract digestibility 
(ATTD) by collection period 
   Sex
1
      
Item G PC EM IC SEM P-value 
No. of pigs 12 11 12 11 - - 
Collection 1       
  Intake, g/d 69.7
a
 71.1
a
 67.5
ab
 63.1
b
 1.84 0.025 
  Fecal excretion, g/d 11.2 11.3 10.9 10.3 1.31 0.632 
  Urinary excretion, g/d 25.1
a
 22.6
a
 14.3
b
 11.4
b
 2.62 <0.001 
  Total excretion, g/d 36.3
a
 33.9
a
 25.2
b
 21.6
b
 3.77 <0.001 
  Retention, g/d
2
 33.4
c
 37.1
bc
 42.3
a
 41.4
ab
 4.37 <0.001 
  Total excretion, %
3
 52.0
a
 47.6
a
 37.1
b
 34.6
b
 5.97 <0.001 
  Retention, %
3
 48.0
b
 52.4
b
 62.9
a
 65.4
a
 5.97 <0.001 
  ATTD of N, %
4
 84.0 84.2 83.9 83.8 2.01 0.956 
Collection 2       
  Intake, g/d 89.4
a
 101.9
a
 89.6
b
 86.3
b
 3.98 <0.001 
  Fecal excretion, g/d 14.2 16.6 14.1 14.1 1.19 0.122 
  Urinary excretion, g/d 38.0
b
 43.4
a
 24.9
c
 23.2
c
 1.55 <0.001 
  Total excretion, g/d 52.2
b
 60.1
a
 39.0
c
 37.3
c
 1.76 <0.001 
  Retention, g/d 37.2
b
 41.9
b
 50.6
a
 49.0
a
 3.27 <0.001 
  Total excretion, % 58.2
a
 58.9
a
 43.6
b
 43.4
b
 1.61 <0.001 
  Retention, % 41.8
b
 41.1
b
 56.4
a
 56.6
a
 1.61 <0.001 
  ATTD of N, % 84.2 83.8 84.3 83.8 0.69 0.907 
Collection 3
5
       
  Intake, g/d 88.1
b
 98.9
a
 87.6
b
 97.1
a
 5.76 0.007 
  Fecal excretion, g/d 13.9 14.0 13.3 14.9 0.78 0.396 
  Urinary excretion, g/d 38.6
b
 47.1
a
 29.3
c
 40.6
b
 2.19 <0.001 
  Total excretion, g/d 52.5
b
 61.1
a
 42.6
c
 55.5
ab
 2.67 <0.001 
  Retention, g/d 35.6
c
 37.8
bc
 45.0
a
 41.7
ab
 4.90 <0.001 
  Total excretion, % 59.4
a
 61.6
a
 48.7
b
 57.0
a
 2.82 <0.001 
  Retention, % 40.6
b
 38.4
b
 51.4
a
 43.0
b
 2.82 <0.001 
  ATTD of N, % 84.3
b
 85.9
a
 84.9
ab
 84.8
ab
 0.48 0.048 
abc 
Within a row, means without a common superscript differ (P < 0.05). 
1
G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate.  
2
 Retention = intake – fecal excretion. 
3 
Percent of intake. 
4 
ATTD (% ) = 100 – [(100 x diet concentration of TiO2 x fecal concentration of 
component) / (fecal concentration of TiO2 x feed concentration of component)] 
(Oresanya et al., 2007). 
5 
The third collection commenced 14 to 17 d after the second anti-gonadotropin 
releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ). 
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Table 2.5 The effect of sex on P balance and apparent total tract digestibility 
(ATTD) by collection period 
  Sex
1
     
Item G PC EM IC SEM P-value 
No. of pigs 12 11 12 11 - - 
Collection 1       
  Intake, g/d 13.59
a
 13.85
a
 13.16
ab
 12.28
b
 0.356 0.021 
  Fecal excretion, g/d 6.73
a
 7.01
a
 6.36
ab
 5.69
b
 0.862 0.004 
  Urine excretion, g/d 1.19
a
 0.93
b
 0.71
bc
 0.59
c
 0.149 <0.001 
  Total excretion, g/d 7.92
a
 7.95
a
 7.09
b
 6.29
c
 0.990 <0.001 
  Retention, g/d
2
 5.67 5.91 6.08 6.00 0.865 0.371 
  Total excretion, %
3
 58.1
a
 56.9
a
 53.7
b
 51.2
b
 6.99 <0.001 
  Retention, %
3
 41.9
b
 43.1
b
 46.3
a
 48.8
a
 6.99 <0.001 
  ATTD of P, %
4
 50.6 49.8 51.6 53.6 5.97 0.077 
Collection 2       
  Intake, g/d 17.97
b
 20.49
a
 18.00
b
 17.35
b
 0.713 <0.001 
  Fecal excretion, g/d 9.53
b
 11.86
a
 9.07
b
 8.71
b
 0.382 <0.001 
  Urine excretion, g/d 1.45
a
 1.52
a
 0.98
b
 0.88
b
 0.122 <0.001 
  Total excretion, g/d 10.98
b
 13.38
a
 10.05
bc
 9.59
c
 0.397 <0.001 
  Retention, g/d 6.99
b
 7.10
b
 7.95
a
 7.74
ab
 0.626 0.031 
  Total excretion, % 61.1
b
 65.3
a
 55.8
c
 55.3
c
 2.07 <0.001 
  Retention, % 38.9
b
 34.7
c
 44.2
a
 44.7
a
 2.07 <0.001 
  ATTD of P, % 46.9
a
 42.2
b
 49.6
a
 49.8
a
 1.88 <0.001 
Collection 3
5
       
  Intake, g/d 17.11
b
 19.23
a
 17.01
b
 18.87
a
 0.752 0.006 
  Fecal excretion, g/d 9.68
bc
 11.27
a
 9.12
c
 10.31
ab
 0.393 0.003 
  Urine excretion, g/d 0.61 0.85 0.41 0.66 0.112 0.060 
  Total excretion, g/d 10.29
bc
 12.12
a
 9.54
c
 10.97
ab
 0.421 <0.001 
  Retention, g/d 6.82
c
 7.09
bc
 7.47
ab
 7.89
a
 0.677 0.011 
  Total excretion, % 60.1
ab
 63.0
a
 56.0
c
 58.2
bc
 2.40 <0.001 
  Retention, % 39.9
bc
 37.0
c
 44.0
a
 41.8
ab
 2.40 <0.001 
  ATTD of P, % 43.5
bc
 41.4
c
 46.4
a
 45.2
ab
 2.56 0.006 
abc 
Within a row, means without a common superscript differ (P < 0.05). 
1
G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate.  
2
 Retention = intake – fecal excretion. 
3 
Percent of intake. 
4 
ATTD (% ) = 100 – [(100 x diet concentration of TiO2 x fecal concentration of 
component) / (fecal concentration of TiO2 x feed concentration of component)] 
(Oresanya et al., 2007). 
5 
The third collection commenced 14 to 17 d after the second anti-gonadotropin 
releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ). 
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Table 2.6 The effect of sex on apparent total tract digestibility (ATTD) of dry 
matter and gross and digestible energy of the diet by collection period 
   Sex
1
    
 Item G PC EM IC SEM P-value 
No. of pigs 12 11 12 11 - - 
Collection 1 
      ATTD, %
2
       
  DM 80.0 79.8 80.1 80.0 1.51 0.984 
  GE 80.9 80.9 80.8 80.8 1.26 0.999 
Energy, Mcal/kg DM       
  GE 4.09 4.09 4.09 4.09 - - 
  DE 3.69 3.69 3.69 3.69 0.033 0.999 
Collection 2 
      ATTD, %       
  DM 81.3 80.9 81.9 81.0 0.69 0.416 
  GE 82.3 81.9 82.5 81.9 0.64 0.651 
Energy, Mcal/kg DM       
  GE 4.03 4.03 4.03 4.03 - - 
  DE 3.74 3.72 3.75 3.72 0.047 0.655 
Collection 3
3
 
      ATTD, %       
  DM 82.9 83.5 83.6 82.9 0.45 0.579 
  GE 83.7 84.2 84.0 83.6 0.39 0.628 
Energy, Mcal/kg DM       
  GE 4.02 4.02 4.02 4.02 - - 
  DE 3.80 3.83 3.82 3.80 0.017 0.624 
1 
G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate.  
2 
ATTD (% ) = 100 – [(100 x diet concentration of TiO2 x fecal concentration of 
component) / (fecal concentration of TiO2 x feed concentration of component)] 
(Oresanya et al., 2007). 
3 
The third collection commenced 14 to 17 d after the second anti-gonadotropin 
releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ). 
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Table 2.7 The effect of sex on fatty acid composition and iodine value of jowl and 
belly fat 
  Sex
1
     
Item G PC EM IC SEM P-value 
Jowl fat       
  No. of pigs 12 11 12 11 - - 
  14:0, % 1.03 1.05 1.00 1.12 0.058 0.112 
  16:0, % 19.65
b
 20.31
ab
 19.55
b
 20.69
a
 0.924 0.033 
  16:1, %  1.56 1.52 1.38 1.64 0.080 0.124 
  18:0, % 10.41 10.85 11.23 11.03 0.883 0.475 
  18:1, %  40.56
a
 40.35
a
 37.71
b
 38.78
b
 0.525 <0.001 
  18:2, % 19.67
b
 18.99
b
 21.84
a
 19.62
b
 1.346 0.001 
  18:3, % 0.90
b
 0.86
b
 1.00
a
 0.87
b
 0.064 0.002 
  20:1, % 0.94 0.97 0.91 0.91 0.043 0.753 
  Iodine value, 
g/100g
2
 73.52
ab
 72.07
b
 74.89
a
 71.90
b
 2.614 0.021 
Belly fat       
  No. of pigs 12 11 11 11 - - 
  14:0, % 1.05 1.05 1.03 1.10 0.057 0.582 
  16:0, % 20.83
b
 21.61
ab
 20.77
b
 21.89
a
 0.481 0.043 
  16:1, %  1.41 1.27 1.21 1.28 0.081 0.216 
  18:0, % 11.87 13.14 12.53 13.29 0.446 0.105 
  18:1, %  38.09
a
 36.87
ab
 35.18
c
 35.99
bc
 0.504 0.001 
  18:2, % 20.10
b
 19.82
b
 23.02
a
 20.28
b
 0.799 <0.001 
  18:3, % 0.90
b
 0.89
b
 1.03
a
 0.90
b
 0.028 0.002 
  20:1, % 0.88
a
 0.81
ab
 0.76
b
 0.85
a
 0.037 0.030 
  Iodine value, 
g/100g 71.96
b
 70.22
b
 74.55
a
 70.33
b
 1.378 0.003 
abc 
Within a row, means without a common superscript differ (P < 0.05). 
1
G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate.  
2
 Iodine value = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 
2.616 + [C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate concentration (%) 
(AOCS, 1998).  
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Abstract 
 The objective of this study was to compare pork quality and sensory 
characteristics of pork from gilts, physical castrates, entire males, and 
immunological castrates. Loins (Longissimus thoracis et lumborum) were collected 
at harvest, aged for 10 days, and subsequently cut into chops and roasts. Two chops 
and one roast were frozen for at least 2 weeks and chops and roasts from the same 
loin were evaluated in fresh form. A trained sensory panel evaluated the samples 
and results showed gilt, physical castrate, and immunological castrate pork were 
similar in terms of boar odor and pork flavor. The evaluated pork quality 
characteristics showed no differences among sexes except for marbling in the 
frozen samples (P < 0.05). Results suggest pork from immunolocial castrated males 
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is similar to pork from physical castrates and sensory and pork quality 
characteristics are similar in within sex between fresh and frozen product. 
 
Introduction 
In the United States, male pigs designated for meat consumption are 
castrated at a young age. However, keeping pigs intact has several advantages such 
as increased feed efficiency, increased average daily gain, decreased feed intake, 
and leaner carcasses (Xue et al., 1997). Castration is practiced to eliminate or at 
least reduce the incidence of boar taint in the final pork product. This is important 
as consumers do not want a product with an unpleasant smell or flavor. Castration 
also helps to eliminate aggressive and mounting behavior that is much more 
common in entire males (EM) than physically castrated male pigs (PC) (Cronin et 
al., 2003). 
Androstenone, which gives off a urine-like odor (Patterson, 1968), and 
skatole (Vold, 1970; Walstra & Maarse, 1970, as cited by Bonneau, 1982), which 
gives off a fecal like odor upon heating, are the two main compounds associated 
with boar taint, accumulating in the adipose tissue. 
There is a newly approved immunization procedure (Improvest®, Zoetis, 
Florham Park, NJ) which binds to gonadotropin releasing factor (GnRF) and 
temporarily stops the pituitary-hypothalamic-gonodal cascade and therefore inhibits 
the production of testicular steroids such as androstenone. In accordance with 
product label, two 2 mL doses must be administered with the first dose occurring at 
9 weeks of age or later and the second dose occurring at least 4 weeks after the first 
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dose and 3 to 10 weeks prior to slaughter (Improvest® package insert, 2013). 
Immunological castration of male pigs is a way to allow for clearance of boar taint 
from pork while still taking advantage of the benefits of raising entire males 
(Dunshea et al., 2001). 
The development of this new technology that is aimed at increasing growth 
efficiency while eliminating boar taint in male pigs requires investigational research 
as to its effect on pork quality. While there have been many studies comparing sex 
differences, including immunological castrates (IC), in terms of pork quality and 
sensory characteristics (Jeong et al., 2008), there is a deficit of information 
comparing the sexes in terms of fresh and frozen pork. Also, with the product’s 
recent introduction into the United States, there are limited published data available 
at heavier market weights. Studies have investigated differences in pork quality 
measurements and some sensory evaluation with fresh and frozen pork but most of 
these studies evaluated preservation methods, freezing methods, and length of 
storage (Jeremiah, 1980). Therefore, the objective of this study was to evaluate pork 
quality and sensory characteristics of fresh and frozen pork from gilts (G), PC, EM, 
and IC. The hypothesis was that IC would produce superior pork compared to that 
of EM but similar in quality to PC.  
 
Materials and Methods 
Animals 
Two replicates of 24 pigs (PIC 337 x C22 or C29, Pig Improvement 
Company, Hendersonville, TN) selected from a previous growth performance and 
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metabolism study were used in this experiment (Elsbernd and Patience, 2013). Two 
animals, one IC and one PC, were removed from that study due to health reasons, 
leaving a total of 46 pigs on test. There were four treatments: G, PC, EM, and IC 
with a total 11 or 12 pigs per treatment. All pigs were fed the same diet which met 
or exceeded the nutrient requirements of all sexes (NRC, 1998). Pigs were fed ad 
libitum and housed individually. Immunological castrates were given anti-GnRF 
injections (Improvest®; Zoetis, Florham Park, NJ) at 13 and 18 weeks of age, 
which is in accordance with product label and regulatory requirements (Improvest® 
package insert, 2013). Quality assurance checks were undertaken 2 weeks post 
second dose. Pigs were marketed 6 weeks post second dose. Before harvest, pigs 
were individually tattooed for identification purposes at the slaughter plant. Pigs 
were harvested at a mean body weight of 145.0 ± 1.3 kg; this heavier harvest 
weight was intentionally selected to put maximum pressure on the immunological 
castration procedure.  
 
 Sample collection and preparation 
Pigs were harvested at a USDA inspected facility. Loins (Longissimus 
thoracis et lumborum) from the left side of the pig were collected 1 day 
postmortem, placed in bags along with their respective identification tag, and 
transported with ice packs to the Iowa State University Department of Food Science 
and Human Nutrition Sensory Evaluation Unit (Ames, IA).  
After aging for 10 days at 4ºC, loins were cut. The loin was cut 15.24 cm 
from the sirloin end to make a roast. The roast was then vacuum packaged and 
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frozen. Next, two 2.54 cm chops were cut, vacuum packaged, and frozen. The chop 
cut closest to the roast was used for pork quality measurements and the next 
following chop was used for sensory analysis. These samples were frozen at -20ºC 
for at least 2 weeks before analysis. The second half of the loin, starting with the 
side opposite of the blade end, was cut into two 2.54 cm chops followed by a 15.24 
cm roast. These samples were weighed and used for fresh analysis. The first chop 
was used for sensory analysis and the second chop, located closest to the roast, was 
used for pork quality measurements. The rest of the loin was discarded.  Every 
sample was trimmed to approximately 6 mm of subcutaneous fat. After cooking, 
each roast was faced and cut into four 2.54 cm slices. Slices closest to the sirloin 
end and blade end of the loin were used for pork quality measurements. The 
remaining 2 slices were used for the sensory analysis. 
 
Sensory evaluation 
Samples were thawed for 48 hours at 4ºC. Chops were cooked on a clam 
shell grill (George Foreman, Russell Hobbs, Madison, WI) and roasts were cooked 
in an oven (National Manufacturing Company, Lincoln, NE) at 177ºC. Temperature 
was monitored by using digital temperature monitors (Omega Engineering 
Corporation, Stamford, CT) and thermocouples (Omega Engineering Corporation, 
Stamford, CT). When samples reached 68ºC, they were removed, and the center of 
the sample was cut into seven or eight 1 cm cubes. Samples were placed in a 
Styrofoam cup which had a random 3 digit blind code and capped with a plastic lid. 
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Blinding codes were used to identify the sample and to ensure there was no sample 
bias. Samples were served randomly to panelists.  
A trained sensory panel comprised of seven or eight individuals evaluated 
the samples. Panelists completed training sessions and were tested with varying 
samples and levels of each of the characteristics measured. Panelists did not have to 
continue evaluating a specific sample if they detected boar taint in that sample. 
Panelists intentionally had varying degrees of sensitivity to boar taint.  
Panelists were seated in individual booths, under white lights, and data were 
collected using Compusense® five (release 5.0, Compusense Inc., Guelph, ON, 
Canada). This computer program was equipped with an unstructured visual analog 
scale ranging from 0 on the left side to 15 on the right side. The descriptive words 
on the left side of the scale were as follows: no boar odor, not juicy, not tender, not 
chewy, no pork flavor, or no off flavor and on the right side were intense boar odor, 
juicy, tender, chewy, intense pork flavor, or intense off flavor. Panelists were given 
water and unsalted crackers to cleanse their palates between samples. Samples were 
evaluated for juiciness, tenderness, chewiness, pork flavor, off flavor, and boar 
odor. Boar odor could be evaluated by smell or taste indicating an off flavor. 
 
Pork quality characteristics  
Loin purge percent was completed before the loin was cut and was 
calculated by dividing the purge weight by the sum of the loin and purge weight. 
Frozen chops and roasts were thawed at 4ºC for 48 hours. Purge loss was calculated 
by dividing the purge weight by the sum of the roast or chops and purge weight. 
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Cooking loss was determined by weighing the chop or roast before and immediately 
after cooking to an internal temperature of 68ºC. Cooking loss was calculated as the 
weight of the cooked sample subtracted from the raw sample weight, then divided 
by the weight of the raw sample. 
Star probe force was measured on a room temperature cooked sample by an 
Instron (model 5566, Norwood, MA) with a 1 kilonewton load cell and a 200 mm 
per minute crosshead speed. Six readings of each sample were taken and the 
average value was used. The pH was measured in the center of a sample using a 
Hanna HI925 meter with a FC200 hard glass electrode (Hanna Instruments, 
Woonsocket, RI). A Minolta Chroma Meter (model CR-310, Minolta, Osaka, 
Japan) with a 50 mm measuring head at D65 lighting was used for Minolta 
L*(lightness), a* (redness), and b* (yellowness) measurements. Marbling was 
scored on a 1 to 10 scale based on the standards set by the National Pork Producers 
Council (NPPC, 1999). The Japanese color scale, ranging from 1 to 6, was used for 
the visual color score (Nakai et al., 1975). The pH, Minolta measurements, 
marbling, and color scores were all evaluated on raw pork chop samples. 
 
Statistical analysis  
Data were analyzed with the PROC MIXED procedure of SAS (SAS 
Institute Inc., Cary, NC). For sensory evaluation, the average scores of the panelists 
were used for each pig. When comparing sex within cut (chop or roast) and method 
(fresh or frozen), a completely randomized design was used with the fixed effect of 
treatment and random effect of replicate with pig as the experimental unit. A split-
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split plot was used to compare overall means with the fixed effects of treatment, 
replicate, cut, method, all their interactions, and a random effect of treatment and 
replicate within pig. The whole plot was treatment, the split plot was method (fresh 
or frozen) and the split-split plot was cut (chop or roast). Differences in means were 
considered significant at P < 0.05 and trending if P < 0.10. For one sample, all the 
panelists detected boar odor so no other scores were assigned to this sample. 
Therefore, this sample was not included in the statistical analysis for the other 
sensory parameters. However, it was included in the statistical analysis for boar 
odor. 
 
Results and Discussion 
Sensory 
 Entire males had the highest scores among the sexes for boar odor in fresh 
chops and roasts and frozen chops and roasts with G, PC, and IC not different from 
one another (P < 0.05; Table 3.1). These results were anticipated, as boar taint 
compounds, androstenone and skatole, have been shown to be decreased to levels 
below the generally accepted threshold limits by using the anti-GnRF procedure for 
IC (Dunshea et al., 2001; Lealiifano et al., 2011).  
Gilts and PC are less likely to have boar taint compared to EM due to the 
absence of testicular steroids and very little or no skatole present in adipose tissue. 
It has been hypothesized and shown in vitro with pig hepatocytes, that EM can have 
higher skatole levels in the adipose tissue because androstenone inhibits the 
metabolism of skatole (Doran et al., 2002). Another hypothesis is that there is 
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greater skatole production in the large intestine of the EM due to IGF-I stimulating 
proliferation of gut mucosa leading to higher cell turnover, thereby increasing cell 
debris and tryptophan availability (Claus et al., 1994). Bacteria in the large intestine 
then degrade tryptophan to skatole (Claus et al., 1994). It also has been shown that 
androstenone and skatole are highly correlated with sensory scores for boar odor 
and flavor (Font i Furnols et al., 2009; Pauly et al., 2010).  
 For fresh roasts, frozen chops and roasts, sexes differed in pork flavor with 
EM having the lowest scores (P < 0.05). Surprisingly, there was no difference 
among sexes for off flavor in fresh roasts and frozen chops and roasts (P > 0.05) 
There was a tendency for off flavor in fresh chops (P < 0.10). In this panel, boar 
odor was the first sensory characteristic scored and panelists did not have to 
continue with a sample if they perceived boar taint; panelists had varying degrees of 
boar taint sensitively. These conditions might explain why no significant 
differences were observed in off flavor whereas another study observed significant 
differences in flavor scores among the sexes (Font i Furnols et al., 2008). No 
differences were found among sexes for juiciness, chewiness, and tenderness for 
each cut - chop or roast - or method - fresh or frozen (P > 0.05). 
 After combining all sensory data measurements across cut and method, 
sexes significantly differed in boar odor, pork flavor, and off flavor with EM having 
the highest boar odor and off flavor and the lowest pork flavor (P < 0.05; Table 
3.2). Sexes did not affect juiciness, tenderness, or chewiness. Juiciness was affected 
by method, with fresh samples have a higher score, by cut, with chops having the 
higher score, and by the interaction of cut by method (P < 0.05, data not shown). 
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Fresh chops were the juiciest, followed by fresh roast, frozen chops, and the least 
juicy were frozen roasts (P < 0.05, data not shown). The effect of method on 
juiciness can be explained by freezing. A large proportion of lean muscle is water 
(~ 75%) (Huff-Lonergan & Lonergan, 2005) and a portion of this water is 
entrapped water because it is physically located within structures of the cell 
(Fennema, 1985; Huff-Lonergan & Lonergan, 2005). This water may be converted 
into ice during the freezing process and can in turn be lost during the thawing 
process (Huff-Lonergan & Lonergan, 2005).  
 Regardless of sex, chops were less tender and chewier than roasts (8.5 vs 9.4 
respectively, P < 0.05). There was an interaction for method by cut for both 
tenderness and chewiness scores (P < 0.05). For tenderness, the frozen chops were 
the most tender, followed by fresh roasts, and then frozen roasts; the least tender 
were the fresh chops (data not shown). The opposite was observed for chewiness in 
the interaction of method by cut (data not shown). A large sensory panel conducted 
by Moeller et al. (2010) showed that tenderness had a high correlation with 
chewiness (-0.70); this is in good agreement with the chewiness and tenderness 
results of this experiment. 
 Off flavor was affected by replicate. The first replicate had higher scores 
than the second. However, the difference was very small (1.5 vs 1.1 for the first and 
second replicate, respectively). Off flavor was also significantly different among 
cuts, with the chop having more off flavor than the roast (1.5 vs 1.1; P < 0.05). 
There were no interactions of treatment by replicate, treatment by method, 
treatment by cut, or treatment by method by cut (P > 0.05). 
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 Similar conclusions have been reported by other trained sensory panels and 
consumer panels with respect to IC pork being indistinguishable from PC pork in 
terms of boar odor (Jeong et al., 2008; Pauly et al., 2010), androstenone flavor and 
odor (Font i Furnols et al., 2009), skatole flavor and odor (Font i Furnols et al., 
2009), flavor (Aluwé et al., 2013; Braña et al., 2013; Font i Furnols et al., 2008), 
odor (Aluwé et al., 2013; Font i Furnols et al., 2008), cooking odor (Aluwé et al., 
2013), tenderness (Aluwé et al., 2013; Braña et al., 2013; Jeong et al., 2008; Pauly 
et al., 2010), visual appearance (Jeong et al., 2008), taste (Jeong et al., 2008), color 
uncooked (Aluwé et al., 2013), color (Aluwé et al., 2013; Jeong et al., 2008), 
juiciness (Aluwé et al., 2013; Braña et al., 2013; Font i Furnols et al., 2009; Jeong 
et al., 2008), and overall appeal (Jeong et al., 2008). Pauly et al., (2010) reported 
that pork from PC was juicier than IC. Together, all of these studies evaluated 
multiple sensory traits using different production management strategies such as 
individually vs group housed pigs, timing of the second injection before slaughter, 
and different types of sensory panels. Pigs were harvested approximately 4 weeks 
(Aluwé et al., 2013; Braña et al., 2013; Font i Furnols et al., 2008 and 2009; Pauly 
et al., 2010) and 6 weeks (Jeong et al., 2008) post second injection. Therefore, 
within similar management conditions, one could conclude that pork from IC and 
PC would be similar with regard to sensory characteristics.  
 Sensory studies that have a large number of samples may have to freeze 
some samples before evaluation. The results of this experiment demonstrate that 
within cut, only juiciness is affected by freezing. Under the conditions of this study, 
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sensory traits will be similar among sex in loin samples using different cuts - chops 
or roast - and methods of storage - fresh or frozen.  
 
Pork quality 
 Sexes did not differ in any of the pork quality characteristics measured using 
fresh samples (P > 0.05; Table 3.3). The only significant difference among sexes 
was marbling in frozen samples with PC having the most marbling and G and EM 
having the least while IC were intermediate (P < 0.05).  
 Similar studies evaluating all four sexes have had mixed results in relation 
to pork quality characteristics. Jeong et al. (2008) found that a* and shear force 
differed significantly among the sexes. However, pH, L*, b*, photographic color, 
water holding capacity, and cooking loss did not differ (Jeong et al., 2008). Gispert 
et al. (2010) drew similar conclusions - that L*, a*, and marbling differed, but b*, 
pH, and color did not differ among the four sexes. Boler et al. (2014) observed that 
pH differed but L*, a*, b*, color, marbling, and firmness did not differ. Gispert et 
al. (2010) explained that although there were significant differences in L* and a* in 
their experiment, the differences could not be identified by the human eye 
(Japanese color score) and that the meat quality was considered to be of good 
quality among the four sexes. Therefore, the consumer may not be able to detect 
differences in meat from different sexes when meat quality is acceptable.  
 After combining the data collected on the fresh and frozen samples, 
marbling was found to be affected by sex (P < 0.01; Table 3.4). One of the major 
differences among the sexes in terms of pork quality characteristics is marbling. 
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Gispert et al. (2010) reported that PC had the most marbling, EM had the least, and 
G and IC were intermediate between the two. In the present experiment, the fresh 
samples presented no marbling differences among the sexes, although a pattern 
similar to the frozen results was observed. The frozen samples and the combination 
of the data from the fresh and frozen chops revealed that PC had the most marbling 
while G and EM had the least and IC was intermediate.  
 One experiment comparing backfat depth, loin depth, and protein and lipid 
percentage of the four sexes observed that on the day of the second injection, IC, 
EM, and G had less backfat depth, higher protein percentage, and lower lipid 
percentage compared to PC (Fábrega et al., 2010). At slaughter, IC backfat and 
lipid percentage were similar to that of PC and greater than EM and G while protein 
percentage of IC was intermediate between PC and G (Fábrega et al., 2010). No 
differences were detected in loin depth among the sexes at either time point. 
Immunological castrates would be expected to have an increase in fat depth 
compared to EM and hence an increase in lipid percentage in the carcass; this is a 
result of the anti-GnRF procedure decreasing the testosterone levels in IC (Dunshea 
et al., 2001; Lealiifano et al., 2011). Entire males would be expected to be leaner 
and therefore have less marbling due to the anabolic effects of androgenic steroids 
such as testosterone (Dubois et al., 2012). 
 No other significant differences were found among the sexes for pork 
quality characteristics. Method had a significant effect on pH, marbling, color, a*, 
and roast average star probe force (P < 0.05). The differences between the methods 
for pH (5.66 vs. 5.70), color (2.99 vs 2.79), and a* (14.70 vs. 14.28; fresh vs. frozen 
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respectively) are small and most likely would be undetectable by a consumer. 
Frozen chops had more marbling than fresh chops (1.70 vs. 1.43, P < 0.05). 
Marbling can be explained by the frozen samples having higher scores than fresh 
samples when evaluating samples separately. A tendency was observed for frozen 
chops to have higher percent cook loss as compared to fresh cuts (P < 0.10; data not 
shown). Since there was no sex by method interactions, these data suggest that 
method affects each sex similarly. Therefore, comparing samples frozen for a short 
period of time should not affect the results of comparisons among different sexes of 
pigs. 
 
Conclusions 
Sensory results indicate pork from IC males is indistinguishable from that 
from G and PC. Pork quality measurements revealed no differences among the 
sexes except for marbling in frozen samples. Frozen and fresh meat from the loin 
prepared as chops or roasts had similar characteristics among sexes in terms of pork 
quality and sensory characteristics.  
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Table 3.1 Least square means for the effect of sex on sensory characteristics of 
fresh chops and roasts and frozen chops and roasts of the Longissimus thoracis et 
lumborum. 
  Sex
a
 
    G PC EM IC SEM
b
 P-value 
Samples (n)
c
 12 11 12 11   
Fresh chops       
Boar odor 1.2
b
 0.8
b
 3.2
a
 1.1
b
 0.49 0.005 
Juiciness 10.1 9.6 9.9 9.9 0.64 0.96 
Tenderness 7.9 7.7 8.5 8.0 1.52 0.85 
Chewiness 6.8 7.1 5.8 6.8 1.32 0.52 
Pork flavor 3.1 3.5 2.6 3.1 0.25 0.10 
Off flavor 1.1 1.3 2.4 1.3 0.36 0.07 
Fresh roasts       
Boar odor 0.5
b
 1.0
b
 3.2
a
 0.6
b
 0.49 <0.001 
Juiciness 8.3 8.9 8.7 8.0 0.68 0.70 
Tenderness 9.6 10.1 10.5 9.8 0.90 0.69 
Chewiness 5.4 4.7 4.2 5.5 1.01 0.48 
Pork flavor 3.5
a
 3.3
ab
 2.7
b
 3.5
a
 0.23 0.03 
Off flavor 1.0 1.0 1.7 0.9 0.42 0.39 
Frozen chops       
Boar odor 0.8
b
 0.7
b
 3.3
a
 1.3
b
 0.43 <0.001 
Juiciness 8.7 9.7 9.1 9.3 0.51 0.66 
Tenderness 7.9 9.1 10.0 9.2 0.65 0.13 
Chewiness 6.7 5.5 4.4 5.6 0.73 0.17 
Pork flavor 3.7
a
 3.0
ab
 2.5
b
 3.3
ab
 0.45 0.02 
Off flavor 1.2 1.0 1.7 1.8 0.37 0.15 
Frozen roasts       
Boar odor 0.8
b
 0.6
b
 4.2
a
 0.4
b
 0.60 <0.001 
Juiciness 6.0 6.4 7.6 5.7 0.85 0.20 
Tenderness 7.9 8.7 9.3 8.8 0.67 0.49 
Chewiness 7.0 5.9 5.6 5.8 0.67 0.41 
Pork flavor 3.3
a
 3.3
a
 2.2
b
 3.3
a
 0.28 0.02 
Off flavor 1.2 0.8 1.6 1.0 0.37 0.19 
Least square means within a row with different letters (a–b) are different (P < 0.05). 
Scored on a 1 to 15 unstructured visual analog scale. 
a 
Sex: G = gilt; PC = physical castrate; EM = entire male; IC = immunological 
castrate. 
b
 Standard error of the mean. 
c
 Number of samples per cut and method evaluated. 
  
Table 3.2 Least square means for the effect of sex on sensory characteristics averaged across cut (chop and roast) of the 
Longissimus thoracis et lumborum and method (fresh and frozen). 
  Sex
a
 
 
Replicate Method Cut 
Method x 
cut 
  G PC EM IC SEM
b
 P-value P-value P-value P-value P-value 
Samples (n) 48 44 48 44       
Boar odor 0.8
b
 0.8
b
 3.5
a
 0.8
b
 0.37 <0.001 0.50 0.67 0.54 0.58 
Juiciness 8.3 8.7 8.8 8.2 0.36 0.60 0.36 <0.001 <0.001 0.01 
Tenderness 8.3 8.9 9.6 8.9 0.44 0.20 0.63 0.67 0.005 <0.001 
Chewiness 6.5 5.8 5.0 5.9 0.49 0.19 0.99 0.91 0.04 <0.001 
Pork flavor 3.4
a
 3.3
a
 2.5
b
 3.3
a
 0.16 0.001 0.22 0.44 0.56 0.31 
Off flavor 1.1
b
 1.0
b
 1.8
a
 1.3
b
 0.19 0.016 0.02 0.78 0.03 0.73 
Least square means within a row with different letters (a–b) are different (P < 0.05).  
Scored on a 1 to 15 unstructured visual analog scale. 
Treatment by replicate, treatment by method, treatment by cut and treatment by cut by method interactions were not 
significant (P > 0.05) and therefore were not included in this table. 
a 
Sex: G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate. 
b
 Standard error of the mean. 
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Table 3.3 Least square means for the effect of sex on pork quality characteristics of 
the Longissimus thoracis et lumborum of fresh or frozen samples. 
  Sex
a
     
  G PC EM IC SEM
b
 P-value 
Samples (n) 12 11 12 11   
Fresh samples       
Loin purge, % 0.94 0.68 0.88 1.10 0.169 0.39 
Chop       
pH 5.64 5.68 5.67 5.65 0.018 0.28 
Marbling
c
 1.29 1.64 1.29 1.50 0.130 0.12 
Color
d
 3.00 3.01 2.96 3.01 0.218 0.99 
Minolta L*  49.02 48.86 47.79 48.85 1.069 0.46 
Minolta a*  14.59 14.93 14.56 14.71 0.201 0.56 
Minolta b*  4.03 4.31 3.93 4.20 0.135 0.20 
Cook loss, % 16.67 17.38 16.78 14.64 1.170 0.16 
Average star probe force, kg 5.22 5.13 4.90 5.16 0.427 0.65 
Roast       
Cook loss, % 20.79 20.89 20.51 21.17 1.006 0.89 
Average star probe force, kg 4.85 4.53 4.24 4.50 0.184 0.15 
Frozen samples       
Chop       
Purge, % 4.10 3.56 3.57 4.28 1.576 0.60 
pH 5.68 5.73 5.72 5.68 0.025 0.39 
Marbling
c
 1.58
b
 2.05
a
 1.46
b
 1.73
ab
 0.112 0.005 
Color
d
 2.75 2.85 2.79 2.76 0.226 0.95 
Minolta L*  48.55 48.52 48.03 48.83 0.917 0.82 
Minolta a*  14.42 14.53 14.14 14.05 0.238 0.33 
Minolta b*  3.80 4.29 4.12 3.94 0.238 0.50 
Cook loss, % 17.34 16.99 17.03 18.08 1.520 0.79 
Average star probe force, kg 5.19 5.04 4.88 5.34 0.226 0.35 
Roast       
Purge, % 3.08 2.89 2.74 3.09 0.570 0.89 
Cook loss, % 21.96 21.07 20.84 21.80 0.610 0.49 
Average star probe force, kg 5.72 5.54 5.30 5.63 0.246 0.46 
Least square means within a row with different letters (a–b) are different (P < 0.05). 
a
 Sex: G = gilt; PC = physical castrate; EM = entire male; IC = immunological 
castrate. 
b
 Standard error of the mean. 
c
 Scored on a 1 to 10 scale (NPPC, 1999). 
d
 Scored on a 1 to 6 scale (Japanese color scale; Nakai et al., 1975).
 Table 3.4 Least square means for the effect of sex on pork quality characteristics of the Longissimus thoracis et 
lumborum averaged across method (fresh and frozen). 
  Sex
a
 
 
Replicate Method 
  G PC EM IC SEM
b
 P-value P-value P-value 
Samples (n) 24 22 24 22     
Chop         
pH 5.66 5.71 5.70 5.66 0.018 0.16 0.84 0.002 
Marbling
c
 1.44
b
 1.85
a
 1.38
b
 1.61
ab
 0.105 0.01 0.29 <0.001 
Color
d
 2.88 2.93 2.88 2.87 0.113 0.98 0.88 0.04 
Minolta L* 48.79 48.70 47.91 48.90 0.570 0.59 0.007 0.47 
Minolta a*  14.51 14.71 14.36 14.38 0.157 0.38 0.50 0.002 
Minolta b*  3.92 4.30 4.02 4.08 0.164 0.41 0.74 0.48 
Cook loss, % 17.01 17.16 16.90 16.44 0.638 0.87 0.002 0.08 
Average star probe force, kg 5.21 5.08 4.89 5.25 0.170 0.43 0.003 0.99 
Roast         
Cook loss, % 21.38 21.04 20.68 21.51 0.485 0.62 0.08 0.14 
Average star probe force, kg 5.28 5.03 4.77 5.07 0.165 0.18 0.42 <0.001 
Least square means within a row with different letters (a–b) are different (P < 0.05). 
Treatment by replicate and treatment by method interactions were not significant (P > 0.05) and therefore not included 
 in the table. 
a
 Sex: G = gilt; PC = physical castrate; EM = entire male; IC = immunological castrate. 
b
 Standard error of the mean. 
c
 Scored on a 1 to 10 scale (NPPC, 1999). 
d
 Scored on a 1 to 6 scale (Japanese color scale; Nakai et al., 1975). 
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THREE GROWTH PHASES AND FEED INTAKE PATTERN 
CHARACTERIZATION IN IMMUNOLOGICALLY CASTRATED PIGS 
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Abstract 
The main objective of this experiment was to determine the standardized 
ileal digestible (SID) lysine requirement for immunologically castrated (IC) and 
physically castrated (PC) pigs during 3 growth phases. Additional objectives were 
to compare the ADFI of IC and PC following the second anti-gonadotropin 
releasing factor (GnRF) injection and to determine if increasing SID lysine levels 
affected diet digestibility and carcass characteristics within sex. Three hundred 
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male pigs (PIC 359 x C29), 150 each of IC and PC, were allotted based on initial 
BW to 1 of 6 blocks. Initial BW for each phase were 30.0 ± 0.8, 64.7 ± 1.4, and 
111.9 ± 1.9 kg for IC and 32.4 ± 0.6, 69.8 ± 1.0, and 114.5 ± 1.3 kg for PC. Anti-
GnRF injections were administered to IC at 11.5 and 19 wk of age. Treatment SID 
lysine levels were set at 80, 90, 100, 110, and 120% of the projected requirement 
for each sex, based on a previous nitrogen retention experiment and the NRC 
(2012) modeling program. Using a one-slope broken line regression model and 
averaging the requirements based on ADG and G:F, the SID lysine requirement for 
IC are 1.01, 0.81 and 0.55% and 0.86, 0.60 and 0.47% for PC in phases 1, 2, and 3, 
respectively. After the second injection, when IC pigs are believed to become 
physiologically more similar to PC pigs, the SID lysine requirements continue to be 
greater than PC. The ADFI of IC increased relative to PC 4 d after the second 
injection. By 2 wk post second injection, the ADFI of IC exceeded that of PC (P < 
0.05). The apparent total tract digestibility (ATTD) of DM and GE as well as 
dietary DE content increased linearly with increasing lysine level (P < 0.05) for IC 
in each of the dietary phases. The PC responded differently to diet composition 
changes and lysine level, when compared to IC, with differences in ATTD of DM 
observed in phase 3 and in DE observed in phases 2 and 3. Interestingly, the 
variation in digestibility measurements appeared to be greater in PC when 
compared to IC. There was a lysine level effect on market weight in both IC and PC 
(P < 0.05). Lysine level did not affect other IC carcass measurements. However, 
HCW, CCW, and dressing percent increased linearly with increasing lysine level in 
PC (P < 0.05). Using immunological castration requires an understanding of the 
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amino acid requirements, feed intake pattern post second injection, and carcass 
characteristics associated with lysine levels to optimize its use. 
 
Introduction 
In the United States, castration is a standard procedure in pork production to 
avoid an unpleasant flavor or odor in the meat known as boar taint. Even though the 
advantages of raising entire males (EM) vs. physical castrates (PC) have been well 
characterized (Xue et al., 1997), producers still castrate male pigs a few days after 
birth to maintain meat quality. However, raising EM in place of PC results in 
improved ADG and feed efficiency (Xue et al., 1997). Technology that would 
permit raising EM for even part of the growth period would therefore substantially 
improve production efficiency.  
In 2011, an anti-gonadotropin releasing factor (GnRF) product (Improvest, Zoetis 
Inc., Florham Park, NJ) was approved in the United States to temporarily 
immunologically castrate male pigs. This allows the producer to take advantage of a 
large portion of the benefits of raising EM and addresses the boar taint issue 
(Dunshea et al., 2001). The product
 
temporarily blocks testicular function through 
production of antibodies to GnRF. A recent meta-analysis showed that after the 
second injection until harvest, the ADG and G:F of immunological castrates (IC) 
exceeded that of EM (Dunshea et al., 2013). While producers currently understand 
the nutrient requirements of PC, there is a need to better define the nutritional 
requirements of IC.
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 It has been well documented that feed intake (FI) increases substantially in 
IC following the second immunization (Dunshea et al., 2011, 2013), but the nature 
of this increase has not been extensively characterized in the scientific literature. 
Therefore, the first objective of this experiment was to determine the lysine 
requirement of IC and PC through 3 growth phases. The second objective was to 
define FI in IC pattern change following the second anti-GnRF injection. The third 
objective was to determine if increasing standardized ileal digestible (SID) lysine 
levels affected diet digestibility and carcass characteristics within sex. 
  
Materials and Methods 
This experiment was conducted at the Iowa State University Swine Nutrition Farm 
(Ames, IA). All experimental procedures adhered to the principles of the ethical and 
humane use of animals for research and were approved by the Iowa State 
University Institutional Animal Care and Use Committee (#12-12-7479-S). 
 
Animals, housing, and experimental design 
Three hundred male pigs (PIC 359 x C29; Pig Improvement Company, 
Hendersonville, TN), half of which were PC and half of which were EM assigned to 
the IC sex, were used in this experiment. All pigs were selected for inclusion in the 
experiment based on their ADG during a 17 d pre-test period. Pigs with similar pre-
test ADG were assigned to 1 of 6 blocks based on initial BW. Within each block, 
pigs were randomly assigned to 1 of 5 dietary treatments within sex (IC and PC). 
The experiment was conducted over 3 growth phases with initial BW of 30.0 ± 0.8, 
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64.7 ± 1.4, and 111.9 ± 1.9 kg for IC and 32.4 ± 0.6, 69.8 ± 1.0, and 114.5 ± 1.3 kg 
for PC, respectively, for the start of each lysine titration period. Each treatment 
within sex consisted of 6 pens with 5 pigs per pen. Pigs were assigned to treatments 
in the initial phase of the experiment and remained on that same relative lysine level 
treatment for all 3 experimental phases. The pens consisted of a partially slatted 
concrete floor, stainless steel dry feeder with 2 covered spaces, and 1 nipple drinker 
attached to the pen wall. The pens provided 1.0 m
2
 per pig. Pigs were provided ad 
libitum access to water and feed. Feed intake was measured at the same time each 
day to minimize the impact of the variability of pigs’ eating patterns throughout the 
day on the measurement. Both sexes were housed in the same room to avoid 
confounding of room housed and pig sex. 
Performance for the lysine titration was determined during a 5 wk period (d 
0 to 34) for phase 1, a 4 wk period (d 35 to 62) for phase 2, and a 5 wk period (d 77 
to 113) for phase 3. Pigs were individually weighed and FI was recorded weekly to 
monitor growth performance (ADG, ADFI, and G:F). Pigs were weighed on 2 
consecutive days at the beginning of the experiment, at phase changes, and on 
marketing days, with the average of these 2 weights used in subsequent data 
analysis. This was done to minimize variability in pig weights. Diet changes 
corresponded to phase changes except for the third diet change. Anti-GnRF 
injections (Improvest, Zoetis Inc., Florham Park, NJ) were administered at 11.5 and 
19 wk of age (average BW = 96.3 ± 1.8 kg for the second injection) for the IC pigs. 
The second injection was given at the end of the second phase which corresponded 
with the start of the third dietary phase (d 63).  The phase 3 lysine titration 
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commenced 2 wk after the start of the phase 3 diets (d77) to avoid confounding due 
to the rapidly changing FI known to occur immediately following the second 
injection (Dunshea et al., 2011, 2013). 
On the day of the second injection, pigs and feeders were weighed and 
continued to be weighed every second day for 2 wk (d 63 to 77). This facilitated 
characterizing the changes in ADFI during this transition period. Thereafter, the 
lysine titration was initiated and pigs and feeders were weighed weekly. 
Pigs were marketed at 6 or 7 wk post second injection. The pigs selected for 
the first cut were the heaviest 90 pigs within each sex to approximately equalize 
average BW by sex at harvest and to avoid cofounding pig sex and harvest date. 
Equal numbers of pigs from each sex were marketed on the first load. The 
remaining pigs were marketed the following week. This procedure was followed to 
equalize, as much as possible, average market BW across sex. Pigs were harvested 
at Sioux-Preme Packing Co. (Sioux Center, IA) the day following shipment. Hot 
carcass weight, cold carcass weight (CCW), and Fat-O-Meater (SFK Technology 
Fat-O-Meater; Herlev, Denmark) data were collected. Dressing percent (DP) was 
calculated by dividing the market BW by the HCW. Standardized fat free lean 
(SFFL) was calculated according to procedure 3 in the Procedures for Estimating 
Pork Carcass Composition (NPPC, 2001). Percent fat free lean (PFFL) was 
calculated by dividing SFFL by HCW.  
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Diet formulation 
The NRC (2012) modeling program was used to estimate the SID lysine 
requirement for each sex within each period. To maximize model accuracy, inputs 
for growth rate, protein accretion, and FI were obtained from a prior experiment 
carried out using similar genetics housed in the same barn (Elsbernd et al., 2014). 
Treatment SID lysine levels were set at 80, 90, 100, 110, and 120% of the projected 
requirement within each sex and within each phase, with the 100% treatment set at 
the projected requirement as defined by the model. 
Diets were formulated to be intentionally simple in design and consisted of 
corn, soybean meal, crystalline amino acids, minerals, and vitamins (Tables 4.1 to 
4.3). Diets were formulated to contain 5% excesses of all essential amino acids 
other than lysine, to avoid confounding experiment outcomes due to a secondary 
amino acid deficiency. Calcium and standardized total tract digestible phosphorus 
were also formulated to be 5% above requirement, according to the NRC (2012) 
modeling program. In this way, diets were formulated so that lysine was the first 
limiting nutrient. Pigs remained on the same relative dietary SID lysine treatment 
throughout the experiment. The contributions to SID lysine from soybean meal and 
from crystalline lysine were held at a constant proportion within each dietary phase 
for each sex. This approach helped to avoid confounding the results due to possible 
changes in lysine digestibility from these 2 sources. Diets were formulated to be 
isocaloric on an NE basis for each phase. 
To manufacture the diets, each ingredient was weighed on a scale calibrated 
against test weights: corn and soybean meal to the nearest 0.5 kg and soybean oil, 
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monocalcium phosphate, and limestone to the nearest 0.05 kg. All other ingredients 
were weighed to the nearest gram. All diet sub-samples were analyzed at the same 
time to reduce within assay variability. The SID lysine values in each diet were 
calculated using the actual analyzed total lysine values for corn and soybean meal 
and multiplying these values by their corresponding SID digestibility values as 
defined by the NRC (2012). The contribution from crystalline lysine, assumed to be 
100% available, was then added to this total. 
Titanium dioxide was included in the diet at 0.4% as an indigestible marker 
to allow determination of nutrient and energy digestibility. Diets were offered as a 
dry mash. 
 
Sample collection 
Diet samples were collected at random at the time of mixing. At the end of 
each dietary phase, samples were homogenized within diet or ingredient and stored 
at -20ºC for later analysis. 
Fresh feces were collected from the floor of the pen once a day for 3 
consecutive days for each dietary phase (d 23 to 25, d 51 to 53, and d 93 to 95 for 
phases 1, 2, and 3 respectively). Only fresh samples were collected and they stored 
at -20ºC for later analysis. Fecal samples were thawed, pooled within pen and 
phase, homogenized, subsampled, and oven dried at 65ºC until dry. The dried 
samples were transferred to the Iowa State University Monogastric and 
Comparative Nutrition Laboratory (Ames, IA) for analysis.  
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Chemical analysis 
Before analysis, diet and fecal samples were ground in a Wiley Mill 
(Variable Speed Digital ED-5 Wiley Mill; Thomas Scientific, Swedesboro, NJ) 
through a 1-mm screen. They were analyzed in duplicate for all assays, and repeat 
analysis occurred for any sample with a CV above 1% for DM or GE and above 3% 
for titanium dioxide. Dry matter was determined at 105ºC to a constant weight 
(Isotemp Oven; Fisher Scientific, Waltham, MA). Gross energy was determined by 
bomb calorimetry (Model 6200; Parr Instrument Co., Moline, IL) using benzoic 
acid as a standard (6,318 kcal GE/kg; Parr Instrument Co., Moline, IL). The 
determined GE of the benzoic acid was 6,324 ± 6 kcal GE/kg. Titanium dioxide 
was determined using the method adapted from Leone, 1973. Feed and ingredient 
samples were analyzed for total AA according to method 994.12 of AOAC. 
Tryptophan was analyzed according to ISO 13904:2005E, and crude protein 
according to AOAC method 990.03 (Ajinomoto Heartland, Inc.; Eddyville, IA). 
The apparent total tract digestibility (ATTD) of DM and GE were determined 
according to Oresanya et al., 2007. 
 
Statistical analysis 
The data for each sex were analyzed separately except for defining the 
ADFI pattern post second injection. The experimental unit was pen and fixed main 
effect source of variation  were considered significant if P < 0.05 and trending if P 
˃ 0.05 and P < 0.10. Data were evaluated for normality using the PROC 
UNIVARIATE and PROC ROBUSTREG procedures in SAS 9.3 (SAS Inst. Inc., 
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Cary, NC). An outlier was defined as a value with a standardized robust residual of 
greater than 3 or less than -3. Statistical analysis of growth performance and 
digestibility measures was performed using the PROC MIXED procedure with the 
fixed effects of treatment and block using pen averages. Carcass measurements 
were analyzed using the PROC MIXED procedure with the fixed effects of 
treatment, block, harvest date, and the interaction of treatment by harvest date; 
market weight served as a linear covariate for the carcass traits. For carcass 
measurements, pig served as the experimental unit. For the HCW, CCW, and DP 
analysis, only pigs with both HCW and CCW data were included because some 
pigs’ data was missed at the plant. For loin and fat depth, only pigs with these 
measurements as well as HCW and CCW were used in the analysis. Contrast 
statements were used to evaluate linear, quadratic, cubic, and quartic effects for 
growth performance, digestibility, and carcass measurements. 
 To achieve our second experimental objective, the PROC MIXED 
procedure of SAS was used to compare the ADFI of IC and PC post second 
injection; sex was included in the analysis as a fixed effect. When the fixed effect 
was a significant source of variation, least square means were calculated and fixed 
effect level means separated using the PDIFF option of SAS. 
To determine the lysine requirement, several PROC NLIN models were 
considered, including the one-slope broken line regression, the two-slope broken 
line regression, and quadratic plateau as described in Robbins et al. (2006), the 
quadratic model using PROC GLM, the Brody curve as described in Biostatistics 
for Animal Science (2004), and the model described by Bikker et al. (1994) using 
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the solver function in Excel (Microsoft Corporation, Redmond, WA). The average 
growth performance for each dietary treatment within each phase was used, 
providing five data points for each sex within each phase. The appropriate model 
was identified by determining the model that best fit the data for ADG and G:F, i.e. 
had the greatest adjusted R
2
, had the lowest sums of squares (model residuals), and 
was considered to be biologically appropriate. The one-slope broken line regression 
model was selected as it best fit the data overall. Based on breakpoint analysis, the 
overall requirement was calculated as the average of the requirements for both 
ADG and G:F within sex and within each phase. In some phases, the overall 
requirement fell between the first 2 SID lysine values and hence a standard error 
could not be calculated.  
 
Results and Discussion 
General observations 
During phases 1 and 2, overall pig growth performance fell within the 
normal range for the barn. However, phase 3 performance was lower than expected. 
This phase was conducted in late spring during extreme temperature fluctuations in 
the barn; this may explain the lower than expected performance. One pen from the 
PC treatment was determined to be an outlier according to the statistical methods 
described above and was removed from the analysis. Otherwise, pigs remained 
healthy throughout the duration of the experiment. 
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Diet manufacturing and analysis 
 The results of diet analysis confirmed that the amino acids levels were very 
close to expectation (Tables 4.4 to 4.6). The ingredient assays confirmed that all 
essential AA other than lysine were non-limiting relative to lysine.  
The formulated vs. calculated SID lysine percent values were in agreement 
and had approximately the 0.10 increment between treatments as desired (Table 
4.7). The largest difference from formulated to calculated was 0.05% SID lysine 
with an overall average difference throughout each of the 3 phases of 0.02%, 
indicating accurate diet formulation and manufacturing.  
 
Growth performance 
Immunological castrates average initial BW was 2.4 kg less than PC, 
reflecting the weight differences of the 2 sexes at the time of delivery to the farm. 
At market, IC were heavier than PC (143.2 ± 1.6 vs 138.8 ± 1.1 kg; Tables 4.8 and 
4.9). Lysine did not affect the initial BW for IC (P > 0.05). There was a quadratic 
lysine effect on initial BW in phase 2 and 3 and on market weight (P < 0.05). No 
significant lysine effect was observed for IC ADG for phase 1 (P > 0.05). There 
was a linear lysine effect on ADG for phases 2 and 3 for IC (P < 0.05). Lysine had 
no observed effect on ADFI for IC in any of the 3 phases (P > 0.05). However, a 
quadratic lysine effect on G:F for IC for each of the 3 phases was found in the 
present experiment (P < 0.05).  
 Initial BW did not differ among PC treatments (P ˃ 0.05). A quadratic 
lysine effect on initial body weight for PC in phases 2 and 3, and a cubic response 
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for market weight. There was a quadratic lysine effect in phases 1 and 2 for ADG 
and a cubic lysine effect in phase 3 (P < 0.05). There was no lysine effect on ADFI 
for PC in any of the 3 phases (P > 0.05). A linear lysine effect was observed for 
feed efficiency in phases 1 and 2 and a cubic lysine effect was observed in phase 3 
for PC (P < 0.05). These results suggest that pigs with an inadequate lysine supply 
will have similar FI while growing slower and less efficiently compared to pigs 
with adequate or excess lysine in the diet.  
 
SID lysine requirements 
 Lysine is 1 of the 9 essential AA for swine and is generally first limiting in 
swine diets. Other AA are expressed as a ratio to lysine according to the ideal 
protein ratio concept (Fuller et al., 1989). The SID lysine requirement for IC for 
phases 1, 2, and 3 based on ADG were 1.03, 0.89, and 0.55% and based on GF were 
0.99, 0.72, and 0.55% (Table 4.10). The SID lysine requirement for PC for phases 
1, 2, and 3 based on ADG were 0.85, 0.62, and 0.47% and based on GF were 0.86, 
0.58, and 0.47%. Averaging these data, the SID lysine requirement for IC are 1.01, 
0.81, and 0.55% and for PC are 0.86, 0.60, and 0.47%, for phases 1, 2 and 3, 
respectively.  
The phase 1 SID lysine requirements for IC and PC align well with the NRC 
requirements after adjusting for protein deposition (PD). For example, the NRC 
(2012) requirement for EM between 50 to 75 kg BW with ADFI of 2.062 kg and a 
PD of 150 g/d is 0.88% SID lysine. Adjusting the NRC (2012) requirement for the 
greater PD results in a very similar SID lysine requirement (1.03 vs. 1.01%, 
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respectively). The same approach also provides close agreement with the NRC 
(2012) for PC (0.87 vs. 0.86%). 
Determined phase 2 and 3 SID lysine requirements are lower than the NRC 
estimates. The sole exception is the phase 2 IC where the results reported here 
agreed closely with the NRC (2012) (0.81 vs. 0.82%). Differences in the lysine 
requirement may be attributed to differences in FI, genetics, and environmental 
conditions (Schinckel and de Lange, 1996). During phase 3, the increased 
fluctuation in barn temperatures may have played a significant role in decreasing FI 
and ADG, thus lowering the lysine requirement. This issue illustrates the 
importance of expressing the SID lysine requirement of pigs in different ways 
(Table 4.11). Nutritionists can then apply these requirements for pigs under their 
farm conditions by adjusting for differences in PD or FI. This generates a 
requirement that is more specific to a given set of conditions rather than use a single 
estimate based on a single growth trial. 
The lysine requirements for IC were greater than for PC in each phase. This 
can be explained biologically for the first 2 phases during which IC were essentially 
EM. Entire males have greater PD than PC (Dunshea et al., 1993; Elsbernd et al., 
2014; NRC, 2012.) due to the anabolic effects of androgenic steroids such as 
testosterone (Dubois et al., 2012). Therefore, the lysine requirement would be 
expected to be greater for IC. 
After the second injection, the SID lysine requirement was still greater for 
IC than PC even though IC are assumed to become more metabolically similar to 
PC. The difference in the phase 3 SID lysine requirement of IC relative to PC 
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decreased compared to phases 1 and 2 (0.08, 0.15, and 0.21, respectively) but was 
still greater. The results reported herein, although not completely expected, are 
consistent with the results from a previous nitrogen balance experiment from our 
lab which revealed that, 2 wk post second injection, nitrogen retention (g/d) in IC 
was intermediate to that of EM and PC (Elsbernd et al., 2014). Therefore, even 
though it is widely assumed that the IC become metabolically similar to PC 
following the second anti-GnRF injection, results from this experiment and the 
previously described report indicate they are not metabolically identical. There 
appears to be some carryover effect in IC, reflected in numerically greater nitrogen 
retention and a greater lysine requirement. Nonetheless, IC do deviate from EM 
characteristics and performance following the second anti-GnRF injection. 
 
ADFI post second injection 
There are data suggesting that in the period after the second injection until 
harvest, a transition does occur in IC. For example, IC have decreased testosterone 
levels (Dunshea et al., 2001; Lealiifano et al., 2011), increased nitrogen excretion 
and decreased retention (Elsbernd and Patience, 2013; Huber et al., 2013), and 
decreased androstenone (Lealiifano et al., 2011) and skatole concentrations at 
harvest (Dunshea et al., 2001; Zamaratskaia et al., 2008) in relation to EM. In this 
way, they become more similar to - but not identical to - PC. The transition 
following the second injection also includes a sharp increase in FI. A recent meta-
analysis showed an average increase in daily FI of 429 g/d after the second anti-
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GnRF injection until harvest (Dunshea et al., 2013). In this portion of the 
experiment, the objective was to identify the FI pattern of IC in relation to PC.  
During the week immediately prior to the second anti-GnRF injection, as 
well as up to 4 d after, the FI of IC remained at 83 to 84% of PC (Table 4.12). On d 
5 to 6 post second injection, the FI of IC started to increase (86% of PC). The FI of 
IC continued to increase so that it was similar to that of PC by d 9 to 10 (P > 0.05) 
and d 11 to 12 post second injection (P > 0.05). However, it exceeded that of PC 
starting on d 13 to 14 (P < 0.05). Interestingly, average daily FI of IC relative to 
that of PC continued to increase during wk 3 (P < 0.05) and wk 4 (P < 0.05) 
following the second anti-GnRF injection. An experiment conducted by Dunshea et 
al. (2011) evaluating FI following the second anti-GnRF injection had similar 
results in that the FI of IC increased 2 wk post second injection such that it was 
greater than EM and became more similar to PC.  
 
Digestibility 
 Apparent total tract digestibility of DM and GE in IC pigs showed a linear 
response to lysine for each of the 3 dietary phases (P < 0.05; Table 4.13). The DE 
of the diet also increased linearly with increasing lysine level for each phase (P < 
0.05). The diets were formulated to be isocaloric on an NE basis. However, as the 
lysine level increased, so too did the soybean meal and oil content in the diet. Since 
soybean meal has a greater DE content than corn, and oil has a very high DE 
content (NRC, 2012), it is expected that the ATTD of GE and the diet DE content 
would increase as lysine increased. 
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Given the above, it was surprising to observe that there were no differences 
in the ATTD of DM and GE in PC in phases 1 and 2 except for a quadratic diet 
effect on the ATTD of DM in phase 3 (Table 4.14). In the second and third phase, 
DE increased linearly as lysine level increased (P < 0.05). The absence of 
statistically significant differences in ATTD of GE and DM in PC was unexpected. 
The variability in the ATTD of DM and GE measurements were greater in PC when 
compared to IC. This difference must be real and not the effect of experimental 
error, because all feed and fecal sample collection and assay protocols were 
identical for both sexes. 
 
Carcass 
Market weight was significantly different among lysine treatments for both 
IC and PC with a quadratic lysine effect observed for IC and a cubic lysine effect 
observed for PC (P < 0.05; Tables 4.15 and 4.16). No significant differences were 
observed among lysine treatments in IC for any other carcass characteristics (P < 
0.05). Lysine level increased HCW, CCW, and DP in PC (P < 0.05). 
Immunological castrates had a lower average DP than PC (72.9 vs. 74.9, 
respectively). Other studies have reported a reduction in DP in IC ranging from 
1.43 to 2.71% lower than PC (Boler et al., 2014; Dunshea et al., 2013). Boler et al. 
(2014) concluded that the differences in DP were attributed to increased gut fill, 
testicle weight, heavier reproductive tracts, increased intestinal mass, and heavier 
liver and kidneys. These were not measured in this experiment. Nonetheless, the 
advantages of using the anti-GnRF treatment to achieve superior growth 
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performance will be lessened somewhat due to the reduction in DP. However, this 
reduction could be offset by marketing at a heavier BW. 
 In conclusion, the overall SID lysine requirement for IC was greater than for 
PC in each dietary phase. In this experiment, the SID lysine requirement for IC was 
17, 35, and 17% greater than PC for phases 1, 2, and 3, respectively. Average daily 
feed intake post second anti-GnRF injection increased after 4 d in IC and by 2 wk 
ADFI in IC had exceeded that of PC. On average, the DP for IC was 2.0% lower 
than that of PC, something which has important economic implications. 
Additionally, the variation in the ATTD of GE and DM may be greater in PC when 
compared to IC. Male pigs which are immunologically castrated must be fed 
according to their biological requirements, which are different than PC, to 
maximize the use of this technology. Underestimating the nutrient requirements of 
IC may result in failure to achieve their full potential in terms of growth 
performance and carcass characteristics. Use of immunological castration allows 
pork producers to capture the production efficiencies of EM while producing an 
acceptable final pork product. 
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Table 4.1 Ingredient composition of phase 1
1
 diets fed to immunologically 
castrated and physically castrated pigs (as-fed basis) 
  Lysine percent of NRC (2012) model estimated requirement 
Ingredient, % 80%  90%  100% 110%  120%  
Immunological castrates 
     
  Ground corn 74.36 70.82 67.29 63.75 60.21 
  Soybean meal, 46.5% CP 20.61 23.79 26.93 30.11 33.25 
  Soybean oil 0.87 1.21 1.55 1.89 2.23 
  Monocalcium phosphate 1.27 1.23 1.19 1.15 1.11 
  Limestone 1.34 1.33 1.32 1.31 1.30 
  Salt 0.50 0.50 0.50 0.50 0.50 
  Lys HCl 0.19 0.22 0.25 0.28 0.31 
  L-Thr 0.04 0.06 0.08 0.10 0.11 
  DL-Met 0.02 0.05 0.08 0.11 0.15 
  Titanium dioxide 0.40 0.40 0.40 0.40 0.40 
  Mineral premix
2
 0.25 0.25 0.25 0.25 0.25 
  Vitamin premix
3
 0.17 0.17 0.17 0.17 0.17 
Physical castrates 
     
  Ground corn 77.93 74.39 70.86 67.29 63.77 
  Soybean meal, 46.5% CP 17.93 21.07 24.29 27.43 30.61 
  Soybean oil 0.37 0.71 1.05 1.39 1.73 
  Monocalcium phosphate 1.07 1.03 0.99 0.95 0.91 
  Limestone 1.20 1.19 1.18 1.17 1.16 
  Salt 0.50 0.50 0.50 0.50 0.50 
  Lys HCl 0.17 0.20 0.23 0.26 0.29 
  L-Thr 0.02 0.04 0.07 0.09 0.11 
  DL-Met 0.00 0.03 0.06 0.10 0.13 
  Titanium dioxide 0.40 0.40 0.40 0.40 0.40 
  Mineral premix
2
 0.25 0.25 0.25 0.25 0.25 
  Vitamin premix
3
 0.17 0.17 0.17 0.17 0.17 
1
 Phase 1 diets fed d 0 to 34 (~ 30 to 65 kg BW). 
2 
Provided per kilogram of diet: Zn, 275 mg from zinc sulfate; Fe, 275 mg from iron 
sulfate; Mn, 65 mg from manganese sulfate; Cu, 28 mg from copper sulfate; I, 0.5 
mg from calcium iodate; and Se, 0.5 mg from sodium selenite. 
3
 Provided per kilogram of diet: vitamin A, 7496 IU; vitamin D, 937 IU; vitamin E, 
30 IU; vitamin K, 3.0 mg; niacin, 33.7 mg; pantothenic acid, 18.7 mg; riboflavin, 
5.6 mg; and vitamin B
12
, 0.026mg. 
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Table 4.2 Ingredient composition of phase 2
1
 diets fed to immunologically 
castrated and physically castrated pigs (as-fed basis) 
  Lysine percent of NRC (2012) model estimated requirement 
Ingredient, % 80%  90%  100%  110% 120%  
Immunological castrates 
     
  Ground corn 80.46 76.93 73.39 69.86 66.32 
  Soybean meal, 46.5% CP 14.57 17.75 20.93 24.07 27.25 
  Soybean oil 1.35 1.69 2.04 2.38 2.72 
  Monocalcium phosphate 1.06 1.03 0.98 0.94 0.90 
  Limestone 1.18 1.17 1.16 1.15 1.14 
  Salt 0.50 0.50 0.50 0.50 0.50 
  Lys HCl 0.15 0.18 0.21 0.24 0.27 
  L-Thr 0.02 0.04 0.06 0.08 0.10 
  DL-Met 0.00 0.02 0.05 0.07 0.09 
  Titanium dioxide 0.40 0.40 0.40 0.40 0.40 
  Mineral premix
2
 0.15 0.15 0.15 0.15 0.15 
  Vitamin premix
3
 0.17 0.17 0.17 0.17 0.17 
Physical castrates 
     
  Ground corn 87.18 83.63 80.07 76.51 72.93 
  Soybean meal, 46.5% CP 9.42 12.62 15.81 19.00 22.21 
  Soybean oil 0.40 0.75 1.10 1.45 1.80 
  Monocalcium phosphate 0.72 0.68 0.64 0.60 0.56 
  Limestone 0.94 0.92 0.92 0.91 0.90 
  Salt 0.50 0.50 0.50 0.50 0.50 
  Lys HCl 0.12 0.14 0.17 0.20 0.23 
  L-Thr 0.01 0.03 0.06 0.08 0.11 
  DL-Met 0.00 0.01 0.03 0.04 0.05 
  Titanium dioxide 0.40 0.40 0.40 0.40 0.40 
  Mineral premix
2
 0.15 0.15 0.15 0.15 0.15 
  Vitamin premix
3
 0.17 0.17 0.17 0.17 0.17 
1
Phase 2 diets fed d 35 to 62 (~ 65 to 100 kg BW). 
2 
Provided per kilogram of diet: Zn, 165 mg from zinc sulfate; Fe, 165 mg from iron 
sulfate; Mn, 39 mg from manganese sulfate; Cu, 17 mg from copper sulfate; I, 0.3 
mg from calcium iodate; and Se, 0.3 mg from sodium selenite. 
3
 Provided per kilogram of diet: vitamin A, 7496 IU; vitamin D, 937 IU; vitamin E, 
30 IU; vitamin K, 3.0 mg; niacin, 33.7 mg; pantothenic acid, 18.7 mg; riboflavin, 
5.6 mg; and vitamin B
12
, 0.026mg. 
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Table 4.3 Ingredient composition of phase 3
1
 diets fed to immunologically 
castrated and physically castrated pigs (as-fed basis) 
  Lysine percent of NRC (2012) model estimated requirement 
Ingredient, % 80%  90%  100%  110%  120%  
Immunological castrates 
     
  Ground corn 87.64 84.08 80.46 76.90 73.29 
  Soybean meal, 46.5% CP 8.43 11.64 14.86 18.07 21.29 
  Soybean oil 0.85 1.20 1.55 1.90 2.25 
  Monocalcium phosphate 0.79 0.75 0.71 0.66 0.63 
  Limestone 0.96 0.96 0.95 0.94 0.94 
  Salt 0.50 0.50 0.50 0.50 0.50 
  Lys HCl 0.11 0.14 0.16 0.19 0.22 
  L-Thr 0.00 0.03 0.05 0.08 0.10 
  DL-Met 0.00 0.01 0.03 0.04 0.05 
  Titanium dioxide 0.40 0.40 0.40 0.40 0.40 
  Mineral premix
2
 0.15 0.15 0.15 0.15 0.15 
  Vitamin premix
3
 0.17 0.17 0.17 0.17 0.17 
Physical castrates 
     
  Ground corn 91.07 87.47 83.87 80.29 76.70 
  Soybean meal, 46.5% CP 5.71 8.96 12.21 15.43 18.64 
  Soybean oil 0.40 0.75 1.10 1.45 1.80 
  Monocalcium phosphate 0.64 0.60 0.55 0.51 0.47 
  Limestone 0.87 0.86 0.85 0.84 0.83 
  Salt 0.50 0.50 0.50 0.50 0.50 
  Lys HCl 0.09 0.12 0.15 0.17 0.20 
  L-Thr 0.00 0.02 0.05 0.07 0.10 
  DL-Met 0.00 0.01 0.01 0.02 0.02 
  L-Trp 0.00 0.01 0.01 0.01 0.01 
  Titanium dioxide 0.40 0.40 0.40 0.40 0.40 
  Mineral premix
2
 0.15 0.15 0.15 0.15 0.15 
  Vitamin premix
3
 0.17 0.17 0.17 0.17 0.17 
1
 Phase 3 diets fed d 63 to 112 (~ 100 to 140 kg BW); second injection of anti-
gonadotropin releasing factor (Improvest, Zoetis Inc., Florham Park, NJ) occurred 
on d 63. 
2 
Provided per kilogram of diet: Zn, 165 mg from zinc sulfate; Fe, 165 mg from iron 
sulfate; Mn, 39 mg from manganese sulfate; Cu, 17 mg from copper sulfate; I, 0.3 
mg from calcium iodate; and Se, 0.3 mg from sodium selenite. 
3
 Provided per kilogram of diet: vitamin A, 7496 IU; vitamin D, 937 IU; vitamin E, 
30 IU; vitamin K, 3.0 mg; niacin, 33.7 mg; pantothenic acid, 18.7 mg; riboflavin, 
5.6 mg; and vitamin B
12
, 0.026mg. 
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Table 4.4 Energy and nutrient composition of phase 1
1
 diets for immunologically 
castrated and physically castrated pigs (as-fed basis) 
  
Lysine percent of NRC (2012) model estimated 
requirement 
Item 80%  90%  100%  110%  120%  
Immunological castrates 
     
  Calculated NE, Mcal/kg
2
 2.49 2.49 2.49 2.49 2.49 
  Calculated ME, Mcal/kg
2
 3.29 3.31 3.32 3.34 3.36 
  Analyzed values      
   DM, % 88.7 88.6 89.0 89.2 89.3 
   GE, Mcal/kg 3.86 3.88 3.92 3.98 3.98 
   CP, % 17.2 17.3 19.4 20.3 21.5 
   Indispensable AA, total % 
     
     Lys 0.98 1.10 1.20 1.30 1.40 
     Met 0.27 0.32 0.35 0.40 0.46 
     Met + Cys 0.54 0.60 0.66 0.71 0.78 
     Thr 0.66 0.70 0.79 0.83 0.90 
     Trp 0.18 0.19 0.23 0.23 0.25 
     Val 0.77 0.82 0.89 0.90 0.96 
     Ile 0.69 0.74 0.81 0.82 0.88 
Physical castrates 
     
  Calculated NE, Mcal/kg
2
 2.49 2.49 2.49 2.49 2.49 
  Calculated ME, Mcal/kg
2
 3.28 3.29 3.31 3.33 3.34 
  Analyzed values      
   DM, % 88.9 88.9 89.2 89.5 90.0 
   GE, Mcal/kg 3.83 3.85 3.89 3.93 3.96 
   CP, % 16.2 16.7 17.4 19.8 19.3 
   Indispensable AA, total %      
     Lys 0.95 1.02 1.10 1.19 1.25 
     Met 0.25 0.28 0.33 0.37 0.41 
     Met + Cys 0.51 0.55 0.61 0.67 0.71 
     Thr 0.62 0.67 0.72 0.79 0.83 
     Trp 0.16 0.18 0.20 0.22 0.22 
     Val 0.74 0.77 0.82 0.87 0.89 
     Ile 0.65 0.69 0.74 0.79 0.80 
1
Phase 1 diets fed d 0 to 34 (~30 to 65 kg BW). 
2 
NRC, 2012. 
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Table 4.5 Energy and nutrient composition of phase 2
1
 diets for immunologically 
castrated and physically castrated pigs (as-fed basis) 
  
Lysine percent of NRC (2012) model estimated 
requirement 
Item 80%  90%  100%  110%  120%  
Immunological castrates 
     
  Calculated NE, Mcal/kg
2
 2.56 2.56 2.56 2.56 2.56 
  Calculated ME, Mcal/kg
2
 3.34 3.35 3.37 3.39 3.40 
  Analyzed values      
   DM, % 89.3 89.5 89.5 89.5 89.8 
   GE, Mcal/kg 3.86 3.90 3.91 3.95 3.98 
   CP, % 13.4 14.4 15.9 17.3 19.4 
   Indispensable AA, total % 
     
     Lys 0.78 0.83 0.95 1.03 1.16 
     Met 0.22 0.25 0.30 0.31 0.35 
     Met + Cys 0.47 0.50 0.56 0.58 0.65 
     Thr 0.53 0.57 0.65 0.70 0.80 
     Trp 0.14 0.16 0.18 0.20 0.22 
     Val 0.61 0.68 0.72 0.68 0.79 
     Ile 0.48 0.60 0.64 0.76 0.87 
Physical castrates 
     
  Calculated NE, Mcal/kg
2
 2.56 2.56 2.56 2.56 2.56 
  Calculated ME, Mcal/kg
2
 3.31 3.33 3.35 3.36 3.38 
  Analyzed values      
   DM, % 88.9 89.1 88.6 88.9 89.2 
   GE, Mcal/kg 3.81 3.83 3.87 3.92 3.95 
   CP, % 11.4 13.8 14.1 15.3 17.4 
   Indispensable AA, total %      
     Lys 0.59 0.69 0.80 0.89 1.01 
     Met 0.20 0.23 0.25 0.27 0.30 
     Met + Cys 0.41 0.46 0.50 0.53 0.58 
     Thr 0.43 0.51 0.58 0.65 0.72 
     Trp 0.11 0.14 0.14 0.15 0.19 
     Val 0.51 0.58 0.62 0.64 0.81 
     Ile 0.39 0.46 0.51 0.53 0.72 
1
 Phase 2 diets fed d 35 to 62 (~ 65 to 100 kg BW). 
2 
NRC, 2012. 
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Table 4.6 Energy and nutrient composition of phase 3
1
 diets for immunologically 
castrated and physically castrated pigs (as-fed basis) 
  
Lysine percent of NRC (2012) model estimated 
requirement 
Item 80%  90%  100%  110%  120%  
Immunological castrates 
     
  Calculated NE, Mcal/kg
2
 2.59 2.59 2.59 2.59 2.59 
  Calculated ME, Mcal/kg
2
 3.33 3.35 3.37 3.38 3.40 
  Analyzed values      
   DM, % 88.9 88.9 89.0 89.5 89.7 
   GE, Mcal/kg 3.83 3.90 3.89 3.96 3.98 
   CP, % 11.2 12.6 13.2 14.7 16.0 
   Indispensable AA, total % 
     
     Lys 0.57 0.62 0.77 0.83 0.96 
     Met 0.20 0.21 0.25 0.26 0.29 
     Met + Cys 0.42 0.43 0.49 0.50 0.55 
     Thr 0.42 0.46 0.54 0.59 0.68 
     Trp 0.11 0.11 0.15 0.16 0.18 
     Val 0.52 0.53 0.62 0.69 0.75 
     Ile 0.41 0.42 0.50 0.60 0.66 
Physical castrates 
     
  Calculated NE, Mcal/kg
2
 2.59 2.59 2.59 2.59 2.59 
  Calculated ME, Mcal/kg
2
 3.32 3.34 3.35 3.37 3.39 
  Analyzed values      
   DM, % 89.3 88.8 89.3 89.5 88.5 
   GE, Mcal/kg 3.83 3.84 3.87 3.91 3.95 
   CP, % 10.0 11.5 12.4 13.7 15.3 
   Indispensable AA, total %      
     Lys 0.47 0.57 0.67 0.73 0.89 
     Met 0.19 0.20 0.22 0.23 0.26 
     Met + Cys 0.39 0.43 0.44 0.46 0.52 
     Thr 0.38 0.44 0.50 0.55 0.68 
     Trp 0.10 0.11 0.13 0.15 0.17 
     Val 0.47 0.53 0.56 0.63 0.68 
     Ile 0.35 0.40 0.44 0.54 0.59 
1
 Phase 3 diets fed d 63 to 112 (~ 100 to 140 kg BW); second anti-gonadotropin 
releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ) occurred on d 
63. 
2 
NRC, 2012. 
 
 
  
Table 4.7 Formulated, analyzed, and “actual” dietary lysine content by phase for immunologically castrated and 
physically castrated pigs 
   Sex 
Item, % Immunological castrates Physical castrates 
Phase 1 (~ 30 to 65 kg BW) 
      
    
  Calculated total
1
 0.95 1.06 1.17 1.27 1.38 0.86 0.97 1.08 1.18 1.29 
  Analyzed total
2
 0.98 1.10 1.20 1.30 1.40 0.95 1.02 1.10 1.19 1.25 
  Calculated SID
1
 0.83 0.93 1.03 1.13 1.23 0.75 0.85 0.95 1.05 1.15 
  “Actual” SID3  0.84 0.93 1.03 1.12 1.22 0.76 0.86 0.95 1.05 1.14 
Phase 2 (~ 65 to 100 kg BW) 
      
    
  Calculated total 0.75 0.86 0.97 1.07 1.18 0.60 0.71 0.82 0.92 1.03 
  Analyzed total 0.78 0.83 0.95 1.03 1.16 0.59 0.69 0.80 0.89 1.01 
  Calculated SID 0.65 0.75 0.85 0.95 1.05 0.50 0.60 0.70 0.80 0.90 
  “Actual” SID 0.63 0.72 0.82 0.91 1.00 0.49 0.58 0.68 0.77 0.86 
Phase 3
4 
(~ 100 to 140 kg BW) 
      
    
  Calculated total 0.55 0.66 0.77 0.88 0.99 0.47 0.58 0.69 0.79 0.90 
  Analyzed total 0.57 0.62 0.77 0.83 0.96 0.47 0.57 0.67 0.73 0.89 
  Calculated SID 0.47 0.57 0.67 0.77 0.87 0.39 0.49 0.59 0.69 0.79 
  “Actual” SID 0.46 0.55 0.65 0.74 0.84 0.38 0.47 0.57 0.67 0.76 
1
 NRC (2012).  
2 
AOAC 994.12 (Ajinomoto Heartland, Inc.; Eddyville, IA). 
3 “Actual” SID = SID contribution of corn + SBM + lysine HCl 
SID contribution of ingredient = analyzed total lysine x % contribution of the diet (Tables 1 to 3) x SID lysine 
digestibility (NRC, 2012). 
4 
Started the day of the second anti-gonadotropin releasing factor injection (Improvest, Zoetis Inc., Florham Park, NJ). 
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Table 4.8 Effects of standardized ileal digestible lysine level on growth performance and feed efficiency of 
immunologically castrated pigs by dietary phase
1
 
  
Lysine percent of NRC (2012) model estimated 
requirement  P-value 
 Item 80% 90% 100% 110% 120% SEM linear quadratic cubic 
No. of pens 6 6 6 6 6 - - - - 
Initial BW, 
kg
2
 
  
   
  
  
   phase 1 29.9 30.0 30.0 30.1 30.0 0.08 0.702 0.491 0.738 
   phase 2 63.0 64.1 65.9 65.9 64.8 0.72 0.029 0.036 0.437 
   phase 3 93.2 96.0 98.9 99.7 98.1 1.22 0.002 0.024 0.577 
   market 136.6 141.9 146.6 146.3 144.9 1.83 0.002 0.013 0.994 
ADG, kg/d 
  
   
  
  
   phase 1 0.95 0.97 1.03 1.03 0.98 0.018 0.061 0.004 0.205 
   phase 2 1.08 1.14 1.16 1.20 1.19 0.022 0.001 0.129 0.975 
   phase 3 0.96 1.03 1.04 1.08 1.05 0.027 0.012 0.117 0.844 
ADFI, kg/d 
  
   
  
  
   phase 1 2.04 1.97 2.02 2.00 1.91 0.040 0.070 0.483 0.133 
   phase 2 2.90 2.77 2.80 2.84 2.80 0.062 0.495 0.417 0.255 
   phase 3 3.49 3.40 3.59 3.59 3.56 0.076 0.209 0.785 0.222 
G:F 
  
   
  
  
   phase 1 0.45 0.48 0.50 0.50 0.50 0.006 <0.001 0.002 0.376 
   phase 2 0.37 0.41 0.42 0.42 0.43 0.006 <0.001 0.023 0.119 
   phase 3 0.28 0.30 0.29 0.31 0.30 0.005 0.002 0.014 0.201 
1
 Anti-gonadotropin releasing factor injections (Improvest, Zoetis Inc., Florham Park, NJ) given at 11.5 and 19 wk of 
age; the second injection was given at the start of phase 3 (d 63). The lysine titration commenced 2 wk post second 
injection.  
2
 The average BW of 2 consecutive weigh days. 
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Table 4.9 Effects of standardized ileal digestible lysine level on growth performance and feed efficiency of physically 
castrated pigs by dietary phase
1
 
  
Lysine percent of NRC (2012) model estimated 
requirement  P-value 
 Item 80% 90% 100% 110% 120% SEM linear quadratic cubic 
No. of pens 5 6 6 6 6 - - - - 
Initial BW, 
kg
2
 
  
   
  
  
   phase 1 32.1 32.1 32.2 32.2 32.2 0.08 0.509 0.991 0.912 
   phase 2 67.4 69.3 70.2 70.2 70.0 0.50 0.002 0.017 0.654 
   phase 3 95.6 100.6 102.5 102.2 102.7 0.88 <0.001 0.003 0.144 
   market
3
 130.1 139.5 140.3 139.9 141.6 1.09 <0.001 0.001 0.004 
ADG, kg/d 
  
   
  
  
   phase 1 1.01 1.07 1.08 1.08 1.08 0.016 0.005 0.024 0.529 
   phase 2 1.01 1.11 1.16 1.14 1.17 0.022 <0.001 0.019 0.132 
   phase 3
3
 0.73 0.88 0.86 0.86 0.89 0.019 <0.001 0.015 0.003 
ADFI, kg/d 
  
   
  
  
   phase 1 2.39 2.36 2.49 2.37 2.33 0.036 0.278 0.057 0.440 
   phase 2 3.27 3.35 3.46 3.35 3.38 0.050 0.227 0.105 0.540 
   phase 3 3.12 3.31 3.24 3.21 3.28 0.054 0.236 0.298 0.052 
G:F 
  
   
  
  
   phase 1 0.41 0.44 0.43 0.45 0.46 0.005 <0.001 0.953 0.125 
   phase 2 0.31 0.34 0.34 0.35 0.35 0.004 <0.001 0.052 0.127 
   phase 3
2
 0.23 0.27 0.27 0.27 0.28 0.004 <0.001 0.012 0.007 
1
 The lysine titration commenced 2 wk after the start of the third dietary phase. 
2
 The average BW of 2 consecutive weigh dates. 
3 
Quartic effect not significant (P > 0.05)
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Table 4.10 Standardized ileal digestible lysine requirement  
(%) as determined by one-slope broken line regression for 
 immunologically castrated and physically castrated pigs 
  Sex
1
  
 
 IC PC Ratio, % 
Item, % 
 
 
 
Phase 1 (~ 30 to 65 kg BW) 
 
 
 
  ADG 1.03 0.85 - 
  G:F 0.99 0.86 - 
  Overall 1.01 0.86 117 
Phase 2 (~ 65 to 100 kg BW) 
 
 
 
  ADG 0.89 0.62 - 
  G:F 0.72 0.58 - 
  Overall 0.81 0.60 135 
Phase 3
2
 (~ 100 to 140 kg BW) 
 
 
 
  ADG 0.55 0.47 - 
  G:F 0.55 0.47 - 
  Overall 0.55 0.47 117 
1 
IC = immunological castrate; PC = physical castrate. 
2 
For the lysine titration, performance was measured 2 wk  
post the start of the phase 3 (d 63) diet change which  
corresponded to 2 k post second anti-gonadotropin  
releasing factor injection (Improvest, Zoetis Inc.,  
Florham Park, NJ). 
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Table 4.11 Standardized ileal digestible (SID) lysine requirements  
for immunologically castrated and physically castrated pigs 
  Sex
1
 
 
 IC PC 
Item 
 
 
Phase 1 (~ 30 to 65 kg BW) 
 
 
  g SID lysine/d 20.2 20.7 
  mg SID lys/g PD
2
 115.4 133.5 
  g SID lys/Mcal ME 3.04 2.60 
  g SID lys/Mcal NE 4.05 3.45 
  mg SID lys/g gain 20.2 19.7 
Phase 2 (~65 to 100 kg BW) 
 
 
  g SID lysine/d 22.7 20.2 
  mg SID lys/g PD 129.6 144.3 
  g SID lys/Mcal ME 2.40 1.79 
  g SID lys/Mcal NE 3.16 2.34 
  mg SID lys/g gain 19.4 18.5 
Phase 3
3
 (~ 100 to 140 kg BW) 
 
 
  g SID lysine/d 19.8 14.9 
  mg SID lys/g PD 123.8 99.3 
  g SID lys/Mcal ME 1.63 1.40 
  g SID lys/Mcal NE 2.13 1.82 
  mg SID lys/g gain 19.9 19.6 
1 
IC = immunological castrate; PC = physical castrate. 
2 
PD = protein deposited. 
3 
For the lysine titration, performance was measured 2 wk post the  
start of the phase 3 (d 63); diet change which corresponded to 2 wk  
post second anti-gonadotropin releasing factor injection (Improvest,  
Zoetis Inc., Florham Park, NJ). 
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Table 4.12 Effects of sex on ADFI 1 wk prior and 4 wk post second anti-
gonadotropin releasing factor injection 
 Sex
1
    
Item IC 
ADFI 
PC 
ADFI 
SEM P-value % IC of 
PC 
No. of pens 30 29 - - - 
Day in relation to second 
injection 
     
-7 (wk before) 2.91
b
 3.52
a
 0.045 <0.001 83 
1-2 2.83
b
 3.36
a
 0.044 <0.001 84 
3-4 2.89
b
 3.50
a
 0.049 <0.001 83 
5-6 2.97
b
 3.46
a
 0.077 <0.001 86 
7-8 3.01
b
 3.21
a
 0.050 0.009 94 
9-10 3.36 3.46 0.059 0.193 97 
11-12 3.66 3.52 0.075 0.193 104 
13-14 3.55
a
 3.31
b
 0.061 0.007 107 
15-21 3.74
a
 3.39
b
 0.047 <0.001 110 
22-28 3.86
a
 3.37
b
 0.047 <0.001 115 
ab
 Within a row, means without a common superscript differ (P < 0.05). 
1
 IC = immunological castrate; PC = physical castrate. 
 Table 4.13 Effects of standardized ileal digestible lysine level on apparent total tract digestibility (ATTD)
1
 of DM and on 
gross and digestible energy of diets fed to immunologically castrated pigs by dietary phase (DM basis) 
  Lysine percent of NRC (2012) model estimated requirement  P-value 
Item 80% 90% 100% 110% 120% SEM linear quadratic 
No. of pens 6 6 6 6 6 - - - 
Phase 1
2
     
 
 
  
ATTD, %     
 
 
  
  DM 81.4 80.9 80.9 82.9 83.0 0.54 0.006 0.151 
  GE 81.0 80.7 80.8 83.0 83.0 0.55 0.002 0.231 
Energy, Mcal/kg DM     
 
 
  
  GE 4.35 4.37 4.41 4.46 4.46 - - - 
  DE 3.53 3.53 3.56 3.70 3.71 0.024 < 0.001 0.275 
Phase 2
3
     
 
 
  
ATTD, %     
 
 
  
  DM 83.2 85.3 83.9 85.2 85.1 0.42 0.016 0.345 
  GE 82.8 84.9 83.6 85.1 85.0 0.44 0.005 0.336 
Energy, Mcal/kg DM         
  GE 4.32 4.35 4.37 4.41 4.43 - - - 
  DE 3.58 3.70 3.66 3.75 3.77 0.019 < 0.001 0.393 
Phase 3
4
         
ATTD, %         
  DM 87.0 87.2 86.5 87.7 87.8 0.30 0.040 0.175 
  GE 86.8 87.2 86.7 87.8 88.2 0.33 0.003 0.181 
Energy, Mcal/kg DM         
  GE 4.30 4.38 4.37 4.43 4.44 - - - 
  DE 3.74 3.82 3.79 3.89 3.92 0.015 < 0.001 0.798 
1 
ATTD (% ) = 100 – [(100 x diet concentration of TiO2 x fecal concentration of component) / (fecal concentration of TiO2 x feed concentration 
of component)] (Oresanya et al., 2007). 
2
 Feces collected on d 23 to 25 during phase 1. 
3
 Feces collected on d 51 to 53 during phase 2. 
4
 Feces collected on d 93 to 95 during phase 3; collection started 30 d post second anti-gonadotropin releasing factor injection (Improvest, Zoetis 
Inc., Florham Park, NJ). 
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Table 4.14 Effects of standardized ileal digestible lysine level on apparent total tract digestibility (ATTD)
1
 of DM and 
gross and digestible energy of diets fed to physically castrated pigs by dietary phase (DM basis) 
1 
ATTD (%) = 100 – [(100 x diet concentration of TiO2 x fecal concentration of component) / (fecal concentration of TiO2 x feed concentration of 
component)] (Oresanya et al., 2007). 
2
 Feces collected on d 23 to 25 during phase 1. 
3
 Feces collected on d 52 to 53 during phase 2. 
4
 Feces collected on d 93 to 95 during phase 3. 
5 
Cubic effect was not significant (P > 0.05).
  Lysine percent of NRC (2012) model estimated requirement  P-value 
Item 80% 90%  100%  110%  120% SEM linear quadratic 
No. of pens 5 6 6 6 6 - - - 
Phase 1
2
     
 
 
  
ATTD, %     
 
 
  
  DM 82.3 81.3 81.1 82.6 81.2 0.59 0.627 0.695 
  GE 82.1 80.7 80.9 82.1 80.5 0.69 0.383 0.745 
Energy, Mcal/kg DM     
 
 
  
  GE 4.30 4.33 4.36 4.39 4.40 - -  
  DE 3.54 3.50 3.53 3.58 3.53 0.030 0.460 0.913 
Phase 2
3
     
 
 
  
ATTD, %     
 
 
  
  DM 84.8 84.5 83.8 84.9 85.1 0.54 0.507 0.189 
  GE 84.3 83.4 83.3 84.4 84.8 0.65 0.383 0.137 
Energy, Mcal/kg DM         
  GE 4.29 4.30 4.38 4.40 4.42 - -  
  DE 3.61 3.58 3.64 3.71 3.75 0.028 <0.001 0.218 
Phase 3
4
         
ATTD, %         
  DM
5
 87.5 87.5 88.9 87.3 86.0 0.47 0.041 0.006 
  GE
5
 87.4 87.7 89.0 87.4 86.6 0.48 0.262 0.012 
Energy, Mcal/kg DM         
  GE 4.29 4.32 4.33 4.36 4.46 - -  
  DE 3.75 3.79 3.85 3.82 3.87 0.021 0.002 0.350 
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 Table 4.15 Effects of standardized ileal digestible lysine treatment on carcass characteristics of immunologically 
castrated pigs
1
 
  
Lysine percent of NRC (2012) model estimated 
requirement  P-value 
 Item 80% 90% 100% 110% 120% SEM linear quadratic cubic 
No. of pigs
2
 28 29 28 25 26 - - - - 
  Market weight, 
kg 
136.2 141.6 145.7 144.6 145.6 1.18 <0.001 0.002 0.327 
  HCW, kg 104.1 104.8 105.0 104.7 104.0 0.40 0.769 0.021 0.848 
  CCW, kg
3
 102.7 103.4 103.5 103.1 102.4 0.41 0.494 0.036 0.697 
  Dressing, %
4
 72.6 73.2 73.3 73.1 72.6 0.28 0.813 0.020 0.855 
No. of pigs
5
 26 27 27 23 25 
  
  
  Loin depth, cm
6
 5.2 5.5 5.5 5.4 5.4 0.07 0.173 0.039 0.149 
  Fat depth, cm
6
 2.3 1.9 2.0 2.0 2.0 0.09 0.313 0.024 0.038 
  SFFL
7
 50.8 53.7 53.2 52.7 52.3 0.54 0.309 0.001 0.033 
  PFFL
8
 49.1 51.2 50.6 50.3 50.3 0.50 0.387 0.035 0.042 
1
 Injections of anti-gonadotropin releasing factor given at 11.5 and 19 wk of age; pigs harvested 6 or 7 wk post second 
injection (Improvest, Zoetis Inc., Florham Park, NJ). 
2
 Includes the HCW for all pigs for which data was collected. 
3
 CCW = cold carcass weight. 
4
 Dressing % = (HCW/market weight) x 100. 
5
 Includes pigs which had all carcass measures collected. 
6 
Determined using Fat-O-Meater (SFK Technology Fat-O-Meater; Herlev, Denmark). 
7 
SFFL = standardized fat free lean. Calculated using procedure 3 in the Procedures for Estimating Pork Carcass 
Composition (NPPC, 2001). 
8 
PFFL (Percent fat free lean) = SFFL/HCW. 
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Table 4.16 Effects of standardized ileal digestible lysine treatment on carcass characteristics of physically castrated pigs 
  
 Lysine percent of NRC (2012) model estimated 
requirement  P-value 
 Item 80% 90% 100% 110% 120% SEM linear quadratic cubic 
No. of pigs
1
 25 25 30 25 27 - - - - 
  Market weight, kg
2
 131.7 138.5 139.0 137.0 139.0 1.10 <0.001 0.003 0.003 
  HCW, kg 103.1 103.6 104.3 104.1 104.3 0.41 0.045 0.268 0.820 
  CCW, kg
3
 101.5 102.2 102.8 102.6 102.9 0.41 0.022 0.225 0.644 
  Dressing, %
4
 74.4 74.8 75.3 75.2 75.3 0.30 0.033 0.249 0.916 
No. of pigs
5
 23 21 27 23 25 
  
  
  Loin depth, cm
6
 5.4 5.4 5.5 5.4 5.4 0.06 0.926 0.875 0.809 
  Fat depth, cm
6
 2.0 2.0 1.9 2.1 2.0 0.08 0.959 0.705 0.189 
  SFFL
7
 51.9 52.3 53.2 51.9 52.8 0.54 0.498 0.470 0.353 
  PFFL
8
 50.4 50.7 51.0 49.9 50.8 0.49 0.988 0.787 0.226 
1
 Includes the HCW for all pigs for which data was collected. 
2
 Quartic effect was not significant (P > 0.05). 
3
 CCW = cold carcass weight. 
4
 Dressing % = (HCW/market weight) x 100. 
5
 Includes pigs which had all carcass measures collected. 
6 
Determined using Fat-O-Meater (SFK Technology Fat-O-Meater; Herlev, Denmark). 
7 
SFFL = standardized fat free lean. Calculated using procedure 3 in the Procedures for Estimating Pork Carcass 
Composition (NPPC, 2001). 
8 
PFFL (Percent fat free lean) = SFFL/HCW. 
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CHAPTER V 
 SUMMARY AND CONCLUSIONS  
 
 Pork producers are continually looking for ways to increase production 
efficiency without compromising pork quality. A recent technology called 
immunological castration may hold promise to the industry. The overall thesis focus 
was to develop an understanding of immunological castrate’s growth performance, 
nutrient requirements, and pork quality characteristics in order to optimize the use 
of this technology. Outcomes from this research have shown that immunological 
castrates and physical castrates have similar pork quality and sensory characteristics 
and immunological castrates have overall superior average daily and feed efficiency 
compared to physical castrates. This is valuable information as immunological 
castration may replace physical castration. Furthermore, we determined that two 
weeks after the second injection the nitrogen retention for immunological castrates 
is intermediate when compared to entire males and physical castrates. Additionally, 
the phosphorus retention for immunological castrates is similar to entire males. 
Furthermore, the present findings demonstrate the standardized ileal digestible 
lysine requirement was greater for immunological castrates than physical castrates 
after the second injection and defined the feed intake pattern of immunological 
castrates post second injection. 
 Further research is needed to address how immunological castrates should 
be fed immediately after the second injection and at what time period after the 
second injection the diet should be adjusted to reflect the pigs’ physiological 
110 
 
requirements.  These diets should especially consider the standardized ileal 
digestible lysine, standardized total tract phosphorus, calcium, and energy 
requirements for the immunological castrated pigs. Additionally, a commercial 
study should be completed to verify the requirements for pigs raised under 
commercial conditions.  
 In conclusion, using a technology aimed at increasing efficiency while 
producing a quality pork product, like immunological castration, holds promise to 
the pork industry. However, using immunological castration may not be suitable for 
adoption on every farm due to constraints within the farm’s specific production 
system. Additionally, the economics must be favorable for its implementation. If 
applicable to the production system, immunological castration can be a valuable 
tool to pork producers. 
 
 
 
